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1.1 Introduction 
The management of traumatic defects in long bones has become an increasing 
part of traumatology. There is a vast literature, dealing with the various 
techniques to reconstruct "the classical motorcycle leg" (Serafín and Buncke, 
1979), i.e. a combined tubular bone and soft tissue defect due to trauma. 
In an attempt to bring about new bone formation, experiments with periosteum 
transplantations have been performed. Although the results of these experi-
ments are not in conformaty, yet several successful autologous transplanta-
tions have been reported. 
Possibly, the condition of the acceptor site contributes to this success. 
The survival of periosteum as a free autologous graft will be better, when 
rapid revascularization from the host bed takes place. Bone formation by free 
autologous periosteal grafts is better after implantation in well vasculari-
zed muscle, than after implantation in fascia (Ritsilä e.a, 1972). 
By excluding any other contribution to bone formation, Uddströmer (1978) 
clearly demonstrated that periosteal flaps in situ form bone. King (1976), 
in an experiment studying pedicled tube flaps of tibial periosteum, concluded 
"that the behaviour of periosteal flaps is predictable, provided they retain 
an adequate blood supply". 
With microsurgical techniques it has become possible to transplant tissue, 
and immediately restore the blood supply. In these procedures the dissection 
of the graft includes its vascular bundle. Reconstitution of the blood flow 
to the graft is established by connecting its vascular bundle to recipient 
vessels of the acceptor site, with the aid of an operating microscope. 
Free autologous bone transplantations with microsurgical revascularization 
have already proven their clinical value (Bos, 1980. Weiland, 1981). The 
advantages of these revascularized grafts over conventional free bone grafts 
are : a stronger resistence against infection (O'Brien, 1977. Haw e.a, 1978), 
a more rapid union (Haw e.a, 1978. Weiland, 1981), and a good survival 
in poorly vascularized tissue, such as after trauma, infection or radiation 
(Östrup and Frederickson, 1975). 
Assuming that periosteum, as an autologous graft, can exhibit bone forming 
capacities , it is interesting to know if these capacities can be reinforced 
by revascularization of the graft. In the experimental situation one can pose 
the following questions: does periosteum as an autologous revascularized graft 
exhibit specific bone forming capacities, and if it does, what will be the 
characteristics of the newly formed bone. 
Before an attempt to answer these questions is made, it will be necessary to 
discuss several aspects of periosteum, such as its anatomy. What is perios-
teum, and how is it build up ? 
As the experiment will be dealing with revascularization of periosteum, infor-
mation about the vascular patterns in periosteum and the relation to other 
tissues is important. Therefore a description of the vascularization pattern 
of periosteum will be given. Furthermore the main blood supply of two diffe-
rent periosteal areas, which might be taken into consideration for transplan-
tation, is described. 
Of course understanding of the normal function of periosteum is obligatory, if 
one intends to use it for transplantation purposes. 
Earlier experiments with periosteum transplantations have led to a theory 
which attributes bone forming capacities to periosteum. However, bone formation 
does not only occur after periosteum transplantations and this observation 
has resulted in other theories about new bone formation. A description of the 
present opinions will therefore be given. 
From the many experiments concerning periosteum transplantation, interesting 
data about characteristics of periosteal grafts and their behaviour are pre-
sent. The specific aspects, that are involved in the transplantation of peri-
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osteum will be mentioned. 
This fi^st chapter will end with a detailed justification of the experimen-
tal study. 
1.2 Anatomy of periosteum 
Bones are invested by periosteum, a layer of connective tissue which varies 
considerably in thickness in the different skeletal areas. Most authors di-
vide the periosteum into two layers: 1. an outer fibrous layer, and 2. an 
inner cellular layer (Pritchard, 1952. Rhodin, 1974. Tonna, 1974). 
1.2.1 The fibrous layer 
The fibrous layer is build up of many collagen fibres and of elastic and 
oxytalan fibres, the majority of which runs parallel to the axis in tubular 
bones (Theunissen, 1973). At the end of a tubular bone the outermost fibres 
continue in the perichondrium. The innermost fibres of the fibrous layer are 
anchored to the bone surface and continue as Sharpey's fibres ( Rhodin, 
1974). At the metaphysis this anchorage to the bone is very tight. Between 
the collagen fibres fibroblasts can be seen. 
1.2.2 The cellular layer 
In the cellular or osteogenic layer of active bone forming periosteum dif-
ferent cell types can be distinguished. Next to the fibrous layer, spindle 
shaped or somewhat flattened cells are situated. These cells are called os-
teoprogenitor cells. Other names for this cell type, used in literature are: 
osteochondrogenic cell, pre-osteoblast, cambium cell, osteogenic cell, stem 
cell, mesenchym cell or precursor celL As will be discussed later (see 1.4.3), 
osteoprogenitor cells are cells with specific capacities. Close to the bone 
surface a layer of osteoblasts can be distinguished (Pritchard, 1952. Owen, 
1963. Rhodin, 1974). Osteoblasts can form a calci fiable bone matrix. 
In the inactive periosteum, the cellular layer consists merely of osteopro-
genitor cells. 
The cellular layer is traversed by thin collagen fibres. Some investigators 
(Murakami and Emery, 1967) have also observed the presence of elastic fibres 
in the cellular layer. The collagen fibres running to the cortical surface 
are accompanied by capillaries which are part of a more extensive periosteal 
lattice (Daggers and Kuijpers-Jagtman, 1978). The details of this vascular 
system will be discussed in the next section. 
1.3 Vascularization of periosteum 
Novak (1959) discerns several vascular layers in periosteum.There is an ex-
tensive superficial lattice of arteries and veins with many interconnections, 
which can be seen macroscopically. Within the fibrous layer a network of 
capiilaries, small arteries and veins, which mainly have a longitudinal di-
rection, is present. The cellular layer comprises capillaries running to the 
cortex and many interconnecting capillaries. 
Although there is discussion on the subject (Kelly, 1968), most authors 
state that the outer one-third of the cortex is vascularized by the perios-
teal vessels (Trueta and Cavadjas, 1955. Rhinelander, 1968). 
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There is an intimate vascular relationship between periosteum and muscle 
(Göthman, 1961. Brookes, 1971. Rhinelander, 1974. Whiteside and Lesker, 1978). 
This is illustrated by the viability of different bone grafts, that are pe-
dicled on adjacent muscle (Medgyesi, 1973). It is also evident after ligation 
of the nutrient artery (Brookes, 1971), after intramedullary nailing (Trueta 
and Cavadlas, 1955), or in displaced fractures (Rhinelander, 1968). In such 
cases a massive periosteal hypercirculation can be observed, the source of 
which is formed by the surrounding muscular tissue. Several authors indicate 
that this hypercirculation is associated with subperiosteal new bone formati-
on (Trueta and Cavadlas, 1955. GÖthman, 1961. Wray, 1963. Whiteside and 
Lesker 1978). 
1.3.1 Vascularization of tibial periosteum 
The main blood supply of tibial periosteum appears to be derived from the 
anterior tibial artery. In literature this is valid for the dog (Rubaschewa 
and Priwes, 1932), and for the rabbit (Brookes and Harrison, 1957). Also in 
man Nelson (1960) found that "the anterior tibial artery gives of many hori-
zontal branches to the periosteum, which divide in a posterior and a lateral 
twig, each one accompanied by two veins, with many longitudinal interconnec-
ting branches. This arrangement is lost near the medial surface which pre-
sents an irregular anastomotic pattern". This description is confirmed by the 
observations of Crock (1967). 
1.3.2 Vascularization of rib periosteum 
The blood supply of rib periosteum in dogs and in man is known to be de-
rived from the anterior and posterior intercostal artery. It is possible to 
keep segments of rib vascularized, using only the periosteal circulation 
(Strauch e.a, 1971. Ketchum e.a, 1974. Serafín and Buncke, 1979. Ariyan, 1980. 
Berggren e.a, 1982). 
1.4 Funotion of periosteum 
Periosteum of tubular bones plays a role in the regulation of growth in length 
and in width. Although it is a functional unity in doing so, its function can 
be divided into: 
1.4.1 Regulation of growth in length of tubular bones 
The hypothesis that growth in length is regulated by a mechanical influence 
on the activity of the growth plates, is supported by experiments dealing 
with transverse section of the periosteum (Lacroix, 1947. Crilly, 1972. Van 
de Sandt, 1977. Warrell and Taylor, 1979). After transverse section of the 
periosteum of a tubular bone, a rapid initial growth spurt in length can be 
observed. 
1.4.2 Transmission to the bone surface of tensile forces 
These forces are exerted by muscles, ligaments and capsules, and partly in-
fluence the direction of the periosteal growth. Collagen fibres play an im-
portant role in the insertion of these structures (de Jonge, 1981). 
1.4.3 Modeling and remodeling of bone by deposition and resorption 
Osteoprogenitor cells in the cellular layer of periosteum have the specific 
capacity to proliferate, and differentiate into osteoblasts after stimulation. 
That osteoprogenitor cells are the main supply of osteoblasts has been demon-
strated by means of tritiated thymidine labeling (Owen, 1963 and 1970. Tonna 
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and Cronkite, 1961). According to some authors, osteoprogenitor cells not 
only can differentiate into osteoblasts, but also into osteoclasts (Young, 
1962. Owen, 1970) or into chondroblasts (Pritchard 1961). 
Probably the mechanical properties of the fibrous layer influence the ac-
tivity of osteoprogenitor cells (de Jonge, 1981). Theunissen (1973) supposes, 
that the change in shape of the fibrous periosteal envelope partly determines 
bone remodeling and thus the shape of the bone. He suggests, that by the 
opposite movement of the epiphyseal cartilages, the periosteum is stretched 
and lifted from the concave cortex, which is associated with bone deposition. 
1.S Theories on new bone formation 
There are mainly two concepts by which new bone formation or osteogenesis 
is explained: 1. The metaplasia theory attributes new bone formation to the 
differentiation of connective tissue cells into bone forming cells, under 
the influence of osteogenic substances. 2. The osteoblastic theory states 
that new bone formation results from the functional activity of osteopro-
genitor cells in periosteum, endosteum and Haversian canals. 
Both theories have their roots in history, as is evident from many publica-
tions (Axhausen, 1907. Annersten, 1940. De Bruyn and Kabish,1955. Sevitt, 
1981). 
1.5.1 The metaplasia theory 
One of the strongest arguments in favour of this theory, is the phenomenon 
of ectopic bone formation, i.e. the formation of bone in tissues which are 
not belonging to the skeleton. A variety of stimuli can evoke ectopic bone 
formation. Huggins (1931) noticed bone formation after transplantation of 
bladder, ureter and renal pelvis epithelium to fascia, muscle and synovial 
membranes, and Huggins and Sarmiett (1933) after transplantation of gallbladder 
mucosa to the rectus muscle in dogs. Heinen e.a. (1949) reported cartilage 
and bone formation in rabbits after intramuscular injections of alcohol and 
calciumchloride. 
New bone formation also occurred after transplantation of devitalized bone, 
and it was shown by Urist (1965) in transplantation experiments with decalci-
fied lyophilized bone matrix, that the host played a major role in the new 
bone formation around the graft. Arora and Laskin (1964) have clearly demon-
strated that even after transplantation of vital bone, the host contributed 
to osteogenesis. 
Another argument in favour of the metaplasia theory comes from experiments 
with diffusion chambers, in which bone formation can be elicited through a 
filter with a 0.45 micron pore diameter, too small for intact cells to per-
meate (Ostrowski and Wlodarski, 1971). BÜring and Urist (1967) confirmed 
Urist's earlier findings by using this technique. 
The above mentioned phenomena can be explained by the mechanism of induction 
of bone formation, i.e.: "the manner whereby cells of mesenchymal origin, 
which ordinarily do not form bone, acquire that capacity through external or 
internal influences" (Sevitt, 1981). That mesenchymal cells can develop into 
osteoblasts was shown by Kember (1960),using a H3-thymidine labeling tech-
nique. 
There have been done many investigations into the character of these mesen-
chymal cells, and several authors indicate that they are of a perivascular 
or endothelial origin (Oberdalhoff, 1947. Trueta, 1962. Urist, 1965. 
Pritchard, 1972). Friedenstein (1968) believes these cells to be derived 
from hematopoietic stem cells. Whatever their true nature is, the process 
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of these cells of mesenchymal origin converting themselves into osteoblasts, 
is called metaplasia, and that is where the theory is taking its name from. 
1.5.1 The osteoblastic theory. 
This theory borrows its strongest argument from the periosteal contribution 
to callus formation in fracture repair. Eight hours after a fracture Tonna 
and Cronkite (1962) noted mitotic figures in the cellular or osteogenic layer 
of the periosteum. This osteogenic layer became thicker as cells were added 
by proliferation, pushing the fibrous layer away from the cortical surface, 
and many osteoblasts and capillaries could be seen in this thickened perios-
teum. These observations are confirmed by the experimental results of 
Murakami and Emery (1967) and Kernek (1973). Sevitt (1981) states that the 
speed with which these cells proliferate and differentiate into osteoblasts, 
is in contrast with the longer time required for osteogenesis by induction, 
and that an inborn self perpetuating osteogenic capacity of the osteogenic 
layer of the periosteum cannot be doubted. 
As concerns autologous bone transplantations, the defenders of the osteoblas-
tic theory state that osteogenic cells in periosteum, endosteum and Haversian 
canals of the graft partially survive, thanks to a rapid contact with tissue 
fluid of the host bed (Ham, 1969). However, the theory cannot give a satis-
factory explanation for the bone formation around a dead bone graft or for 
ectopic bone formation. 
Many authors have stated that the results of successful free autologous 
periosteum transplantations are based on the presence of the osteoprogenitor 
cells lining the inner side of the periosteum (Oilier, 1867. Lexer, 1922. 
Rohde, 1925. Lacroix, 1949. Axhausen, 1962). 
Since the osteogenic cell layer is not distinguishable in inactive periosteum, 
some investigators state that only active periosteum is able to form bone 
after transplantation (Riess, 1924. Martin, 1927. Oberdalhoff, 1947. Danis, 
1958). On the other hand several experiments with inactive periosteum trans-
plantations have clearly shown that this periosteum is able to produce bone 
after preceding stimulation (Oilier, 1867. Lexer, 1922. Riess, 1924. Rohde, 
1925. Annersten, 1940. Urist, 1952. Axhausen, 1962). Successful transplanta-
tions with inactive periosteum, even without any preceding stimulation, have 
also been reported (Lacroix, 1949. Ritsilä e.a, 1972. Altonen е.a, 1977). 
In conclusion, most aspects of new bone formation can fit into one of two 
theories: the metaplasia theory or the osteoblastic theory. The former gives 
a good explanation for bone formation by induction, the latter finds its base 
in the periosteal callus formation and is used as an explanation for the os­
teogenic capacity of both active and inactive periosteum. As no theory can 
give a complete explanation for the various phenomena in osteogenesis, both 
theories should be accredited value and considered as complementary. 
(Pritchard, 1964. Sevitt, 1981). 
1.6 Transplantation of •periosteum 
The bone forming capacity of periosteum has been the subject of many experi­
ments, since Duhamel de Monceau (1757) first described that periosteum was 
responsible for addition of bone to the cortex. Between 1867 and 1891 Oilier 
published his famous works on successful experimental and clinical subperi­
osteal resections and free periosteum transplantations, and concluded that 
periosteal grafts had osteogenic or bone forming capacities. 
This bone forming capacity of periosteal grafts has been used in clinical 
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applications to serve many different purposes. Skoog (1965) has described the 
mucoperiosteal rotation flap for reconstruction of congenital cleft palates. 
Ritsilä е.a (1976) preferred tibial periosteum for this purpose in 20 cases, 
and Strieker e.a (1977) in 70 of these cases. Tibial periosteum has also been 
used to reconstruct tracheal defects (Kufass and Pasila, 1974), and to cor­
rect scoliosis in 55 patients (Snellman e.a, 1977). Codivilla (1906) reported 
the successful use of tibial periosteum in congenital pseudo-arthrosis, and 
Mock (1928) has used this type of graft in 30 cases of non-union. 
From the many transplantation results that have been reported, some charac­
teristics of periosteal grafts can be learned: 
1.6.1 The role of the donor site 
Several experimental studies are indicating that periosteal grafts, taken 
from different donor sites, show different osteogenic capacities. After sub­
capsular implantation of active periosteum in the kidney, Lacroix (1946 and 
1949) noticed that periosteum taken from the metaphysis formed twice as 
thick a bone layer, as periosteum taken from the diaphysis. The observation, 
that metaphyseal periosteal grafts form much more bone than diaphyseal peri­
osteal grafts has been noticed in other experiments (Oilier, 1885. Fang e.a, 
1934. De Bruyn and Kabish, 1955. Danis, 1958). There is a difference in os­
teogenic capacity between tibial periosteum and mandibular periosteum 
(Altonen e.a, 1977), and between tibial periosteum and calvariai periosteum 
(Ritsilä e.a, 1972. Uddströmer, 1978. Uddströmer and Ritsilä, 1978). Accor-
ding to Uddströmer (1978), bone formation by tibial periosteum was quicker, 
more complete and of a greater quantity than bone formation by calvariai 
periosteum. 
1.6.2 The role of the acceptor site 
Both calvarial and tibial periosteum fill up a tibial defect with compact 
bone and bone marrow via an intermediate woven bone stage, but when grafted 
to a calvarial defect, both produce a calvariai-like bone, while an inter-
mediate woven bone stage is absent (Uddströmer and Ritsilä, 1978). When 
tibial periosteum is grafted to an artificial tracheal defect, it forms a 
flat, cylindric olate of membranous bone, covered with tracheal mucosa 
(Ritsilä and Alhopuro, 1973). After transplantation of tibial periosteum to 
a cartilaginous defect, the periosteum produces cartilage (Rubak, 1982. 
Rubak e.a, 1982). 
Apparently periosteal grafts can respond to circumstances that appeal to 
their differentiation (Lacroix, 1949), and form the type and shape of bone 
that is required by the new environment. 
There are indications that bone formation by periosteal grafts is better, 
when the acceptor site is subjected to mechanical stress. Bassett and Ruedi 
(1966) have suggested that one of the prerequisites for new bone formation 
is a good stimulus, which might be of a mechanical nature. 
Several experimental results are suggestive for the importance of weight-
bearing in successful new bone formation. Calvarial periosteum transferred 
to the tibia, forms five times as much bone as calvarial periosteum in situ, 
and tibial periosteum in situ forms twice as much bone as when grafted to a 
calvarial defect (Uddströmer and Ritsilä, 1978). 
The influence of mechanical stress is also suggested in recent reports of 
experiments with revascularized periosteal grafts. Finley e.a. (1978) re-
ported the complete bridging of a 5 cm defect in the tibia of dogs with a 
revascularized rib periosteum, (-fowever when the same procedure was applied 
to ulnar and cranial defects, the results were disappointing (Acland, 1978). 
Puckett e.a. (1979) reported that revascularized rib periosteum failed to 
bridge a 2 cm defect in the fibula of dogs. These authors concluded that 
this technique is not suitable for onlay procedures, but that weight bearing 
or stress is a necessary stimulus. 
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1.6.3 Effects of transplantation on the donor site 
Although Trueta and Cavadlas (1955) have stated that removal of the peri-
osteum causes necrosis of the outer one-third of the cortex, other authors 
agree that this procedure does not affect cortical vitality at the donor site. 
Zucman e.a, 1968. Macnab, 1974). After the removal of the graft, a new peri-
osteal layer is regenerated (Brown and Brown, 1913. Davis and Hunnicutt, 
1915. Burrnan and Umanski, 1930. Bex and Maltha, 1976. van de Sandt, 1977) , 
which again possesses osteogenic capacities (Oilier, 1867. Rohde, 1925. 
Lacroix, 1949). 
In conclusion, periosteum can be successfully transplanted to serve many 
different purposes. Periosteal grafts, taken from different donor sites, 
may show different osteogenic capacities. Periosteal grafts can adapt to 
their new environment and form the type of bone that is needed. There are 
indications that mechanical stress is a stimulus for bone formation by peri-
osteal qrafts. Transplantation of periosteum seems to be harmless to the cor-
tical vitality at the donor site. 
1.7 Justification of the expeviment 
Starting from the assumption that a graft of inactive periosteum has osteo-
genic or bone forming capacities, and that revascularization of an autologous 
graft of inactive periosteum might reinforce these capacities, several aspects 
have to be considered: 
1.7.1 The starting point being a tubular bone defect that does not heal by 
itself, the first question is: is a non-vascularized autologous graft of in-
active periosteum aDle to bridge such a tubular bone defect by formation of 
new bone? 
1.7.2 As has been mentioned before (see 1.6.1), tibial periosteum has been 
found to exhibit more osteogenic capacities than calvarial periosteum 
(Ritsilä e.a, 1972. Uddströmer, 1978) and mandibular periosteum (Altonen e.a, 
1977). These observations seem to support the assumption that tibial peri-
osteum has more osteogenic capacities than periosteum of flat bones. 
Thus a comparison has to be made between two non-vascularized autologous 
grafts of inactive periosteum, one taken from the tibia, the other taken from 
a flat bone, in their capacity to bridge a tubular bone defect as mentioned 
in 1. 7.1. 
1.7.3 Does revascularization reinforce the bone forming capacities of an 
autologous graft of inactive periosteum 7 Since the draft for this experiment 
was made, two reports on revascularized periosteum transplantations have 
appeared. Finley e.a. (1978) reported the successful transplantation of re-
vascularized rib periosteum to a tibial defect in the dog. However, they 
failed to include a control group of non-vascularized rib periosteum trans-
plantations. Puckett e.a. (1979) compared revascularized rib periosteal 
grafts to non-vascularized grafts in bridging a standard defect in the fi-
bula of dogs. Bone formation by the non-vascularized grafts was absent, but 
the revascularized grafts also failed to bridge the defect and "new bone 
formation, when present, was meager in amount and of a poor quality" 
(Puckett e.a, 1979). 
In order to solve the above mentioned question, a comparison has to be made 
between two autologous grafts of inactive periosteum taken from the same 
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donor site, one revascularized, the other non-vascularized, in their capacity 
to bridge a tubular bone defect as mentioned in 1.7.1. 
1.7.4 Is there a difference m osteogenic capacity between revascularized 
autologous grafts of inactive periosteum taken from different donor sites ? 
If there is a difference in osteogenic capacity between non-vascularized 
periosteal grafts taken from different donor sites (see 1.7.2), and if re­
vascularization reinforces the osteogenic capacity of a periosteal graft 
(see 1.7.3), a combination of these factors might influence the behaviour of 
revascularized periosteal grafts taken from different donor sites. Thus 
a comparison has to be made between two revascularized autologous grafts of in­
active periosteum, one taken from the tibia, the other taken from a flat 
bone, in their capacity to bridge a tubular bone defect as mentioned in 1.7.1. 
1.7.5 What are the characteristics of the new bone that might be produced 
within the tubular bone defect ? As has been mentioned before (see 1.1 and 
1.6), the result of an autologous periosteum transplantation is influenced 
by: rapxd revascularization at the acceptor site, by a good stimulus (which 
might be for instance weight-bearing), by the origin of the graft (periosteal 
grafts taken from different donor sites may have different osteogenic capaci­
ties), and by local needs of the acceptor site (the tibia is a tubular bone, 
that has to bear weight). 
It will be obvious that transplantation of periosteum to a bone defect can 
only be called successful, if the bone defect has been bridged in such a way, 
that the bone can reassume its normal function. Therefore it will be neces-
ьагу to supply data on the characteristics of the new bone produced, which 
indicate that the bone will regain its original function. 
As the vascularization patterns of both rib periosteum and tibial periosteum 
are known (see 1.3), one can make the following experimental design (see 
Table 1): 
TABLE 1: EXPERIMENTAL DESIGN 
Type of operation 
Untreated defect 
Revascularized rib peri­
osteum transplantation 
Non-vascularized rib pe­
riosteum transplantation 
Revascularized tibial pe­
riosteum re-implantation 
Tibia Tibia - Non-vascularized tibial 
periosteum re-implan-
tation 
+ = yes 
- = no 
Acceptor site 
with defect 
Tibia 
Tibia 
Tibia 
Tibia 
Donor site of 
pierios teum 
-
Rib 
Rib 
Tibia 
Revascularization 
of the graft 
-
+ 
-
+ 
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With this design the questions 1.7.1 up to and including 1.7.5 can all be in-
vestigated. It is the purpose of this experimental study to elucidate these 
questions. 
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2.1 Choice of experimental animal 
In selecting the proper experimental animal, the following criteria have been 
considered: fracture repair had to be normal and the periosteal vessels had 
to be sufficiently large in diameter to allow microvascular anastomosing. 
As microsurgery is time consuming, the animal had to be strong enough to with-
stand anaesthesia lasting 6 to 9 hours. Because the use of external fix-
ation during several weeks was obligatory, the animal had to tolerate such a 
device easily. 
Most experiments with periosteal grafts have been performed in rabbits and 
dogs. However, the periosteal vessels of rabbits are too small for micro-
surgical techniques. Dogs are expensive and do not tolerate an external fix-
ation apparatus. 
The African pygmy goat fulfilled all the above mentioned requirements. There 
is a normal fracture repair (Schultze, 1960. Metcalfe, 1980) and Fletcher e.a 
(1964) state that goats are of a size that allows major surgical procedures. 
They are docile and easy to manage, and inexpensive to keep for long term ex-
periments. Besides, African pygmy goats stand surgery well with prompt healing 
(Rogers e.a. 1969). The African pygmy goats, used in this experiment, were all 
adult females, with a mean weight of 21.6 ± 3.4 kg. 
2.2 Basic draft of the experiment 
Basically, the experiment consisted of the production of a middiaphysary 
defect in the left tibia, measuring approximately 2 cm in length. Revascula-
rized periosteal grafts from two different donor sites were transferred to 
this defect in order to restore continuity, and compared with control groups. 
Revascularization was performed by means of microvascular anastomosing. The 
proximal and distal osteotomy ends were stabilized by means of an external 
fixation. 
Five types of operations have beer performed using 57 goats. The different 
types of operation are given in Table 2: 
TABLE 2: DIFFERENT TYPES OF OPERATION 
Group Type of operation Nr. of goats 
1 Untreated defect 5 
2* Revascularized rib periosteum transplantation 13 
3 Non-vascularized rib periosteum transplantation 12 
4* Revascularized tibial periosteum re-implantation 16 
5 Non-vascularized tibial periosteum re-implantation 11 
57 
* = The vascularization pattern of flaps of rib periosteum and tibial peri-
osteum (see 1.3.1 and 1.3.2) was confirmed by canulating the posterior 
intercostal artery (Group 2) and the anterior tibial artery (Group 4 ) , 
after the periosteal flaps had been dissected. This was done in 4 goats 
that were not included in the experiment. After injection with methylene-
blue, both flaps of rib and tibial periosteum respectively showed a 
marked blue colouration. Subsequently venous filling was seen. 
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2.3 Operative procedures 
2.3.1 General pre-operative measurements 
All goats were treated with а согшюп vermifuge and tetanus-toxoid. The animals 
were allowed to take water and hay ad libitum. Every day they were given 500 g 
of dried food (Schapekuben L3(R), Versele-Laga) each. 24 Hours before operation 
the goats were fasted. 
2.3.2 Anaesthesia and preparation 
Induction-anaesthesia was given with pentobarbital (Nembutal(R), Narcovet), 
30 rrg per estimated body weight, and atropin 0,5 mg, both intravenously. Then 
the goat was weighted. Intubation followed and the operation sites were shaved 
and cleaned with Betadine scrub(R) (Dagra). Anaesthesia was continued with a 
mixture of oxygen, nitrous oxide and Ethrane(R) (Abbott) in a closed system. 
Radiographs were taken of both tibias (Curix RP(R), Agfa-Gevaert, with a 
Practix(R), Philips, 50 KV, 20 mA, 0.3 sec, 55 cm), to ensure epiphyseal plate 
closure and to exclude bone disorders. 
2.3.3 General procedure for all types of operation 
All operations were performed under sterile circunstances. A lateral longitu­
dinal incision was made over the left tibia, and the anterior tibial vessels 
were dissected with the aid of the operating microscope (OPMI 7(R), Zeiss). 
When necessary, bipolar coagulation was used. Pins were drilled completely 
through the proximal and distal metaphyses, two proximal and two distal to an 
imaginary middiaphysary defect. The pins used were Vitallium(R) Steinmann pins 
(Howmedica), 2.8 rm in diameter and 30 cm long, and later, because of delay in 
supply, stainless steel Kirschner wires (ADD), 3.0 rrm in diameter and 28.5 cm 
long. These pins were set in an external fixation apparatus for experimental 
animals (Laméris). The anterior tibial vessels were held aside and protected. 
A medial longitudinal incision was made over the left tibia. A Gigli-saw was 
pulled through and a middiaphysary segment, measuring approximately 2 cm in 
length, including the investing periosteum, was removed. The length of this 
segment was measured with a ruler. The defect was washed with 50 cm^ of saline. 
Then the different transplantation procedures were carried out. The details of 
the different types of operation will be described in the next section. 
When microsurgical revascularization was performed, the vessel lumina were 
irrigated with a solution of 1000 i.u. of heparine-sodium (Thromboliquine(R), 
Organon-Teknika) in 100 cm^ of saline. For this purpose a blunt lacrimal duct 
cánula was used. All arterial anastomoses were made end-to-end, non-running. 
For the venous anastomoses the 'Sleeve-technique' was used, described by 
Lauritzen (1978) and Lauritzen and Bagge (1979). For suturing Mirafil(R) 10/0, 
USP, DR5 (Braun) was used. 
After revascularization had been performed all periosteal grafts were dressed 
around the defect in such a way that a closed tube was formed. They were 
fixed to remaining periosteum, muscle and fascia with Tevdek(R) 6/0 
(Deknatel). After the transplantation, all skin wounds were closed with 
Vicryl(R) 1/0 (Ethicon). As the shape of the external fixation, used per-
operatively, had many disadvantages for postoperative use, a newly developed 
external fixation (Peters and Van Den Wildenberg, 1981) was applied imnedia-
tely after skin closure. This external fixation is made up of methyl-metha-
crylate (Fastacryl(R), MFG, Biolux Int.) and has several advantages: it is 
light, strong and easy to apply, its shape prevents against automutilation, 
and lateral radiographs can be made without super-inposition of the material. 
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2.3.4 Technique of the different types of operation 
2.3.4.1 Untreated defect (Group 1) 
Application of the external fixation apparatus. Immediately after the pro-
duction of the defect the skin incisions were closed. Then the newly developed 
external fixation of methyl-methacrylate was applied. 
Number of goats: 5. 
Mean weight: 21.6 + 2.7 kg. 
Mean operating time: 1 hr and 33 min. - 22 min. 
Mean length of tibial segment: 21.6 + 1.8 mm. 
2.3.4.2 Revascularized rib periosteum transplantation (Group 2) 
Incision over the 9th or 10th rib. Dissection of the rib extending to the 
iliocostal muscle. Lengthwise incision in the periosteum. Sharp and circular 
dissection of the periosteum from the rib. With bone scissors a portion of 
the rib was removed. Transperiosteal dissection of the posterior intercostal 
bundle with the aid of the operating microscope. The thoracic incision was 
covered with a sterile sheet. 
Application of the external fixation apparatus on the tibia and production of 
the defect. The anterior tibial vessels were held aside and protected. The 
left tibia was covered with a sterile sheet. 
Renewed presentation of the thoracic incision. Ligation and transsection of 
the anterior intercostal bundle. The posterior intercostal artery and vein 
were double clamped. This moment was recorded. Then the posterior intercostal 
artery and vein were transsected. Dissection of the periosteum, including a 
cuff of surrounding muscle and pleura. Storage of the free graft in Ringers 
lactate buffer at room-temperature. Ligation of the remaining stump of the 
posterior incercoscal bundle. The thoracic incision was covered with a sterile 
sheet, and the operation was suspended for about 10 minutes. 
Renewed presentation of the lateral incision of the tibia. With the aid of 
the operating microscope the anterior tibial artery and one vein were clamped 
ard transsected. The second anterior tibial vein was ligated and transsected. 
The graft was transferred to the defect. First the venous micro-anastomosis 
was made. Then the arterial micro-anastomosis was made. Removal of arterial 
and venous clamps. The ischaemia time was recorded. The patency was tested. 
The periosteum was placed over the defect. In order not to kink the vascular 
buncle, the graft was modeled in a spiral fashion. Closure of the skin in-
cisions. 
Renewed presentation of the thoracic incision. Application of a thoracic drain 
and closure of the thoracic incision in layers. For a few moments ventila-
tion was performed with a positive end-expiratory pressure of 15 cm of water, 
the thoracic drain was removed and ventilation normalized. Then the newly 
developed external fixation of methyl-methacrylate was applied. 
Number of goats: 13. 
Mean weight: 22.0 ± 2.5 kg.
 + 
Mean operating time: 6 hrs and 12 min. - 31 min. 
Mean length of tibial segment: 21.4 +2.7 mn. 
Mean diameter of tibial artery: 1.3 + 0.2 rrm. 
Mean diameter of tibial vein: 1.2 + 0.1 run. 
Mean diameter of intercostal artery: 0.7 ± 0.1 run. 
Mean diameter of intercostal vein: 0.6 + 0.1 rrm. 
Mean ischaemia time: 1 hr and 40 min. + 17 min. 
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2.3.4.3 Non-vascularized rib periosteum transplantation (Group 3) 
Exactly the same procedure was carried out as in Group 2, however no micro-
surgical anastomoses were made. As there was no danger for kinking the vas-
cular bundle, the periosteal graft was placed transverse and circular around 
the defect. 
Number of goats: 12. 
Mean weight: 21.9 + 3.8 kg. 
Mean operating time: 4 hrs and 2 min. - 98 min. 
Mean length of tibial segment: 20.6 ±3.1 ntn. 
2.3.4.4 Revascularized tibial periosteum re-implantation (Group 4) 
Application of the external fixation apparatus. Before the production of 
the defect, a periosteal flap was designed by two transverse incisions ap-
proximately 2 to 3 cm from each other, via the lateral incision. Via the 
medial incision over the left tibia both transverse incisions in the peri-
osteum were continued. Via the same medial incision a longitudinal incision 
in the periosteum was made, dividing the periosteum in an anterior and a 
posterior part. The periosteum was removed from the tibia by sharp dissection, 
the anterior part in the anterior direction, the posterior part in the pos-
terior direction. In dissecting the posterior part, a cuff of muscle was 
preserved. When the dissection of both parts had reached the lateral incision, 
the distal anterior tibial bundle was ligated and transsected. The periosteum 
now was completely isolated on the anterior tibial bundle and held aside. 
Then the defect was produced. The anterior tibial artery and its two accom-
panying veins were clamped and transsected. This moment was recorded. The 
graft was now conpletely free and was stored in Ringers lactate buffer at 
room-temperature. The tibial incisions were covered with a sterile sheet and 
the operation was suspended for about 10 minutes. 
Renewed presentation of the lateral incision of the tibia. The graft was 
transferred to the tibia. One venous micro-anastomosis was made. Then the 
arterial micro-anastomosis was made. Except for the second vein all clamps 
were removed, and the ischaemia time was recorded. Patency was tested. The 
second venous micro-anastorrosis was made, the clamps were removed and the 
patency was tested. The periosteun was dressed in its original position and 
fixed. Closure of the skin incisions. Then the newly developed external fix-
ation of methyl-methacrylate was applied. 
Number of goats: 16. 
Mean weight: 21.2 kg ± 4.6 kg. 
Mean operating time: 5 hrs and 38 min. - 47 min. 
Mean length of tibial segment: 21.0 + 2.8 im. 
Mean diameter of tibial artery: 1.4 ± 0.1 mm. 
Mean diameter of tibial vein I: 1.1 + 0.3 rim. 
Mean diameter of tibial vein II: 1.0 + 0.3 mm. 
Mean ischaemia time: 1 hr and 37 min. + 43 min. 
2.3.4.5 Non-vascularized tibial periosteum re-implantation (Group 5) 
Exactly the same procedure was carried out as in Group 4, however no micro-
surgical anastomoses were made. 
Number of goats: 11. 
Mean weight: 21.9 ± 2.7 kg. 
Mean operating time: 2 hrs and 21 min. - 8 min. 
Mean length of tibial segment: 19 ± 1.4 inn. 
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2.3.5 General postoperative measurements 
Immediately after operation the defect was recorded by radiography (Curix 
RP(R), Agfa-Gevaert, with a Practix(R), Philips, 50 KV, 20 mA, 0,3 sec, 55 cm). 
After detjbation the goats stayed in a recovery room for 24 hojrs. One hour 
after the operation each goat was given 30 mg of Fortral(R) (Wintrop) by 
intramuscular injection. Initially no antibiotics were given. However, due 
to prolonged anaestnes^a, some goats died in the immediate postoperative 
period from pneumonia caused by Pasteurella Multocida. Subsequently 
Albipen(R) (Gist-Brocades), 25 mgAg body weight was given subcutaneously 
on the day of operation and on the second and fourth postoperative day, as a 
routine. The animals were allowed to take water and hay ad libitum. Each 
day they were given 500 g of dried food (Schapekuben lyjtR), Versele-Laga) per 
animal. The goats were regularly inspected. Attention was paid to the condi-
tion of wounds and external fixation and to weight-bearing. After 14 days the 
stitches were removed and the goats were transferred to a farm, where they 
stayed outside till the enc of the experiment. In this postoperative period 
the goats were allowed to take grass, hay and water ad libitum. 
2.4 Postoperative investigations 
All goats were sacrified 2, 4, or 8 weeks after operation, the ultimate post-
operative period being set on 8 weeks. On the day of sacrifice the goats were 
anaesthesized by an injection of Nembutal(R) (Narcovet) 600 to 750 mg 
intravenously. 
The following investigations were done (see Table 3 ) : Radiographs were made 
of all operated tibias on the day of sacrifice. The patency of all vascular 
anastomoses was tested and confirmed by angiography and by histological in-
vestigation. 
31 Operated tibias were planned for histology after 2 , 4 , or 8 weeks, 
12 of which had been labeled with fluorochrones. 
The remaining 26 operated tibias were planned for measurement of the bone 
mineral content, 8 weeks after the operation. If the osteotomy appeared to be 
consolidated radiographica]ly, the tibia was loaded to fracture. 
The above mentioned investigations will now be discussed in detail: 
2.4.1 Radiography 
Radiographs in two directions were made of all 57 operated tibias at the 
day of sacrifice (Cronex(R), lo-dose intensifying screen, Dupont, with a 
Practix(R), Philips, 50 KV, 20 mA, 1.6 sec, 55 cm). 
2.4.2 Patency of the anastomoses 
At the same time, angiograms were made of all revascularized grafts. This 
was done by canulating the aorta and cavai vein after an intravenous in-
jection of Thromboliquine(R) (Organon-Tekmka), 200 I.U./kg body weight. The 
cavai vein was clamped and with a pressure of 110 mm Hg, the distal aorta 
was infused with a solution of Micropaque(R) (Damancy), 400 g in 1000 cm3 of 
saline. Radiographs were taken 15, 30, and 45 seconds and 3 minutes after the 
infusion was started (X-Cmat MA(R), Kodak, with a Practix(R), Philips, 50 KV, 
20 mA, 6 sec, 55 cm). Both arterial and venous patencies were judged. 
After the angiograms had been made the cavai clamp was released and the lower 
extremities were flushed with a solution of Micropaque(R) in 4% neutral 
buffered formaldehyde. The goat was killed by an overdose of Nembutal(R). 
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With the aid of the operating microscope the anastomoses were then dissected. 
It was ascertained that the white-coloured Micropaque(R) was emerging from 
cuts made just distal and proximal to the anastomosis. Both arterial and 
venous patencies were recorded. 
Then the anastomoses were taken out. They were stored in 4% neutral buffered 
formaldehyde. The specimens were prepared for embedding in paraffin using 
a sequence of aceton, methylbenzoate, and toluene. After embedding, cross 
sections were made, which were stained according to the following techniques: 
hematoxylin-eosin and elastln-van Gieson. Both arterial and venous patencies 
were investigated. 
2.4.3 Histology 
31 Experimental tibias were taken out and stored in 4% neutral buffered for­
maldehyde. After 24 hours the tibias were cut transversely through the defect 
into halves by means of a bandsaw. One half was cut longitudinally into 
two quarters (see Fig. 1). One of these quarters was used for fluorescence 
microscopy. The remaining quarter and the other half of the tibia were used 
for histological examination, and were treated as follows: washing in water. 
Decalcification with EDTA 25%. Washing in water._Storage in increasing solu­
tions of alcohol. Storage in solutions of celluo'idin in methylbenzoate 25% 
and 3 %. Storage in a solution of terpeneol 4(%, chloroform 3C%, and xylol 30%. 
Extraction of terpeneol with xylol. Storage and embedding in paraffin. Longi­
tudinal and transverse sections were made of 7 micron thick. These sections 
were stained according to the following techniques: hematoxylin-eosin, elas-
tin-van Gieson, and azan. The sections were examined by light microscopy. 
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Fig. 1: Sahematia dram-ng of a tibia, whiah is used for histology and 
fluorescence microscopy. A= proximal metaphysis. B= defect area. C= distal 
metaphysis. 
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Apart from Group 1, 3 goats of each other group were selected for post-
operative fluorescence microscopy. The goats were divided according to the 
following schedule (see Table 4): 
TABLE 4: SELECTION OF GOATS, PLANNED FOR FLUORESCENCE MICROSCOPY 
Group Planned sacrifice after: Total 
2 weeks 4 weeks 8 weeks 
2 1 1 1 3 
3 1 1 1 3 
4 1 1 1 3 
5 1 1 1 3 
12 
These 1? goats were given intravenous injections with fluorochromes, accor-
ding to the following scheme: 
10 days before sacrifice: Terramycine(R) (Pfizer) 750 mg per animal. 
7 days before sacrifice: Calceïn(R) (Fluka) 5 mgAg body weight. 
3 days before sacrifice: Procion red H8 B.N.(R) (ICI) 200 mg/kg body weight. 
From the tibias that had been labeled with fluorochromes, one quarter was 
embedded in a solution of carboxy-methylcellulose (2%). This was deep-frozen. 
By means of a microtome, K(R) (Jung), deepfrozen non-decalcified longitudi-
nal and transverse sections were cut, varying between 10 to 30 micron in 
thickness. These sections were mounted on glas and examined by means of 
fluorescence microscopy. 
2.4.4 Bone mineral content 
The remaining 26 tibias, that were not used for microscopic examination, were 
completely denuded of all overlying soft tissues. Both articular surfaces 
were cut off and the remaining tibia, which consisted of diaphysis including 
the original defect, and both metaphyses, was stored at -2CP C. Within one 
week the mineral content was measured at room temperature by means of gamma 
radiation absorption. 
This technique has important advantages over radiography: RÖntgenradiation 
contains beams with a varying energy, which are absorbed differently. The 
intensity of the RÖntgenradiation-contact is not constant nor is the proce-
dure of development in radiography. The ganma radiation absorption technique 
described by Cameron and Sorenson (1966) measures the absorption by bone, of 
a radiation energy originated by a mono-energetic garmia radiation source 
(I 125). This absorption is determined by the total amount of mineral in the 
radiation beam. The transmission of non-absorbed gamma radiation is recorded 
by a scintillation-detection-system. 
In order to simulate a constant soft tissue layer, the bone was invested by 
a soft tissue equivalent and held in a perspex box. As the recorded intensity 
outside the bone now was made constant, there was a reliable control line. 
Source and detector which are fixed to each other by an arm, followed a 
transverse course across the tibia with a constant motorspeed of 24 rrm/min. 
The tibia was fixed in such a way that the radiation beam was perpendicular 
to the longitudinal axis of the tibia. During 1.0 second the detector recor-
ded the beam, covering a stretch of 0.4 ran, on a memory spot. In this way 
128 memory spots were filled. Code results were recorded on a papertape. 
The calculation of the bone mineral content was done as described by Sorenson 
and Cameron (1967). 
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In this way 26 experimental tibias were investigated. Control tibias con-
sisted of 4 tibias that were taken from goats, that had not been operated, 
Each tibia was scanned at 6 different sites: 2 times proximal to the former 
defect, 2 times in the former defect and 2 times distal to the former defect. 
The middiaphyseal area in the control tibias corresponded to the defect area 
in the experimental tibias. 
2.4.5 Load at fracture 
When the defect area appeared to be completely consolidated radiographically, 
the scanned tibia was loaded to fracture in a tensile test. Before tes-
ting the tibia was stored in Ringers lactate buffer during 24 hours at room-
temperature. Then the tibia was clamped in a vertical position and the lower 
metaphysis was centered in a cylindrical metal mould which was filled with 
methyl-methacrylate (Fastacryl(R), MFG, Biolux Int.). After setting the 
metal mould was removed. The tibia was reversed, again held in a vertical 
position, and the other metaphysis was embedded in the same way. The prepared 
specimens were stored in Ringers lactate buffer for several hours. Then the 
round cuffs of methyl-methacrylate were placed in a split metal fixture pro-
vided with a stem. This stem fits in the clamping fixture of the testing 
machine. The testing machine (Instron(R)TT-CM, High Wycombe) acts by holding 
one side of the bone at its cuff, while a cross-head holding the other side 
of the bone at its cuff, moves downward at a speed of 0.5 mm/min. During the 
test the tibia was kept moist with Ringers lactate buffer. The force neces-
sary to break the bone, i.e. the load at fracture, was recorded. Control 
tibias consisted of 4 tibias of non-operated goats. 
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Fig. 2 : Angiography. Arterial 
phase. Patent arterial anastomo-
sis (see arrow). 
Fig. 3 : Angiography. Venous 
phase. Patent venous anastomo-
ses (see arrow). 
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Fig. 4 : Histology. Patent 
artery. At many sites suture 
material is present (see arrows). 
( Elastin-van Gieson, 135x ) . 
Fig. S : Histology. Patent 
vein. The anastomosis has been 
made at the site of a valve. 
Suture material is present (see 
arrows). ( Elastin-van Gieson, 
SSOx ) . 
3.1 Exclusions 
The patency results were judged from direct inspection, angiography (see 
Fig. 2 and 3), and histology (see Fig. 4 and 5) of the anastomoses. The ana-
stomoses were considered to be patent when at least two of three observa-
tions were positive, and occluded when at least two of three observations 
were negative (see Table 5). In the latter case the goats were excluded. 
TABLE 5: PATENCY RESULTS OF REVASCULARIZED GRAFTS 
Nr. 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
art. 
ven. 
+ = 
- = 
? = 
Direct inspection 
art. 
_ 
death 
death 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
death 
+ 
= arterial 
ven. 
_ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
patency 
= venous patency 
patent 
occluded 
not determinable. 
Angiography 
art. 
7 
+ 
7 
? 
+ 
7 
7 
-
-
? 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
? 
+ 
? 
+ 
ven. 
7 
7 
7 
? 
7 
7 
7 
7 
? 
? 
7 
+ 
? 
? 
? 
+ 
7 
7 
? 
? 
? 
? 
+ 
+ 
7 
+ 
Histology 
art. 
_ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
ven. 
_ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Conclusion 
art. ven. 
occlusion 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
occlusion 
occlusion 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
occlusion 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
Totally 4 goats had to be excluded because of occlusion of the anastomoses. 
Of all 57 goats, 3 goats died due to postoperative pneumonia caused by 
Pasteurella Multocida, and one goat died due to an anaphylactic shock, fol-
lowing an injection of Procion H8 BN(R) (ICI). These 4 goats were also ex-
cluded from the experiment. 
After exclusion because of death or occlusion, the following goats remain 
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for further investigation (see Table 6): 
TABLE 6: EXCLUSIONS 
Group 
1 
2 
3 
4 
5 
b.o. = 
Operated 
goats 
5 
13 
12 
16 
11 
57 
because of. 
Excl usion b.o. 
occlusion 
_ 
3 
-
1 
-
4 
Exclusion 
death 
_ 
2 
1 
1 
-
4 
b.o. Remaining 
goats 
5 
8 
11 
14 
11 
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3.2 Radiography 
All remaining 49 goats are included in this part. New bone formation within 
the defect was estimated, and the radiograph taken at sacrifice was com-
pared with the radiograph, taken directly after the operation (see Fig. 6 ) . 
In order to avoid an abundance of descriptions, the observations made are re— 
ported according to the following comprehensive terminology: 
Stage 0: no radiodense material can be detected within the defect (see Fig.7). 
Stage 1: few scattered areas of faint radiodense material are visible with-
in the defect (see Fig. 8). 
Stage 2: large areas of radiodense material are visible within the defect. 
These radiodense areas have a cloudy appearance and are intercon-
nected with each other (see Fig. 9 ) . 
Stage 3: 'the defect is completely filled up with abundant homogeneous radio-
dense material (see Fig. 10). 
Stage 4: there is a reorganization of the new bone that has completely filled 
up the defect. Centrally, the development of a marrow cavity can be 
seen, while the outlines of the new bone are more in line with the 
outlines of the osteotomy ends (see Fig. 11). 
Subp. : subperiosteal bone formation at the osteotomy ends is seen. 
Consol.: consolidation of both osteotomy ends by the ns^ bone is present. 
Hypertr: a hypertrophic non-union is seen within the new bone. 
Resorp.: bone resorption around the pins of the external fixation is present. 
3.2.1 Untreated defect (Group 1) 
Total number: 5 (Exclusions: 0). 
After 8 weeks no radiodense material can be detected within the defect (see 
Fig. 7). There is no subperiosteal bone formation at the defect ends. Bone 
resorption around the pins is seen twice (see Table 7). 
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Fig. 6 : Radiograph, taken 
direatly postoperatively. A mid-
diaphyseal segment of bone has 
been removed from the tibia. 
Fig. 7 : Radiographiaal result. 
Stage 0 : no radiodense material 
can be detected within the defeat. 
Fig. 8 : RadiographiaaL result. 
Stage 1 : few scattered areas of 
faint radiodense material are 
visible within the defect. The 
arrow is pointing at the rudimen-
tary fibula. 
Fig. 9 : Radiographiaal result. 
Stage 2 ; large interconnected 
areas of radiodense material are 
visiblej which have a cloudy ap-
pearance . 
Fig. 10 : Radiographiaal result. 
Stage 3 : the defeat i-s comple-
tely filled up with abundant ho-
mogeneous radiodense material. 
Fig. 11 : Radiographiaal result. 
Stage 4 : reorganization of the 
new bone, after consolidation has 
been established. The outer dia-
meter is reduced, and a aentrai 
marrow cavity is being formed. 
Fig. 12 : Radiogvaph, taken 
2 weeks after a revasaularized 
tibial periosteum re-implanta-
tion (Group 4). Scattered fields 
of faint radiodense material and 
a clearly marked outline of the 
periosteal auff are visible. 
Fig. 13 : Radiograph, taken 
4 weeks after a revasaularized 
tibial periosteum re-implanta-
tion (Group 4). The defeat is 
completely filled with abundant 
homogeneous radiodense material. 
TABLE 7: RADIOGRAPHICAL RESULTS IN GROUP 1" 
Nr. Weeks р.о. Stage Subp. Consol. Hypertr. Resorp. 
101 
102 
103 
104 
105 
8 
8 
8 
8 
8 
0 
0 
0 
0 
0 
* = for explanation see 3.2 
p.o.= post operative 
+ = present 
- = absent. 
3.2.2 Revascularized rib periosteum transplantation (Group 2) 
Total number: 8 (Exclusions: 5). 
Scattered faint radiodense material within the defect is present in the only 
specimen after 4 weeks (see Fig. 8). In 6 of 7 cases this faint radiodense 
material is also present after 8 weeks. In 2 cases subperiosteal bone forma­
tion at the osteotomy ends is seen. Bone resorption around the pins is seen 
3 times (see Table 8). 
TABLE 8: RADIOGRAPHICAL RESULTS IN GROUP 2* 
Nr. Weeks p.o. Stage Subp. Consol. Hypertr. Resorp. 
204 
205 
206 
207 
208 
209 
212 
213 
4 
8 
8 
8 
8 
8 
8 
8 
1 
0 
1 
1 
1 
1 
1 
1 
• = for explanation see 3.2 
p.o.= post operative 
+ = present 
- = absent 
Excluded: 201, 202, 203, 210, and 211. 
3.2.3 Non-vascularized rib periosteum transplantation (Group 3) 
Total number: 11 (Exclusions: 1). 
After 2 weeks faint radiodense material within the defect and subperiosteal 
bone formation at the osteotomy ends can be seen. After 4 and 8 weeks no ra­
diodense material within the defect can be detected (see Fig. 7). Subperios­
teal bone formation at the osteotomy ends can be seen in all but one cases. In 
6 of 7 cases, after 8 weeks there is bone resorption around the pins (see 
Table 9). 
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TABLE 9: RADIOGRAPHICAL RESULTS IN GROUP 3· 
Nr. Weeks р.о. Stage Subp. Consol. Hypertr. Resorp. 
3 0 1 
302 
303 
304 
305 
306 
307 
308 
309 
3 1 1 
312 
2 
2 
4 
4 
8 
8 
8 
8 
8 
8 
8 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
* = for explanation see 3.2 
p.o.= post operative 
+ = present 
- = absent 
Excluded: 310 
3.2.4 Revascularized tibial periosteum re-implantation (Group 4) 
Total number: 14 (Exclusions: 2). 
After 2 weeks scattered fields of faint radiodense material are visible with­
in the defect. The outlines of the periosteal cuff are clearly marked by ra­
diodense material (see Fig. 12). After 4 weeks more radiodense material is 
seen, which has already filled up the defect in one case (see Fig.13). After 
8 weeks the former defect is filled up with abundant radiodense material in 
all 10 animals. In 5 specimens after 8 weeks a hypertrophic non-union can be 
seen. In these cases also bone resorption around the pins is present. In the 
remaining 5 cases after 8 weeks consolidation is established (see Fig. 11). 
In these cases, reorganization of the newly formed bone is apparent by reduc­
tion of the wide diameter and the development of a marrow cavity. In these 5 
cases, bone resorption around the pins is only seen once (see Table 10). 
TABLE 10: RADIOGRAPHICAL RESULTS IN GROUP 4· 
Nr. Weeks p.o. Stage Subp. Consol. Hypertr. Resorp. 
4 0 1 
402 
403 
404 
405 
4 0 7 
408 
409 
410 
4 1 1 
412 
413 
414 
416 
2 
2 
4 
4 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
1 
1 
2 
3 
3 
4 
4 
3 
3 
3 
3 
4 
4 
4 
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Table 10 (continued) 
• = for explanation see 3.2 
p.o.= post operative 
+ = present 
- = absent 
Excluded: 406 and 415. 
3.2.5 Non-vascularized tibial periosteum re-implantation (Group 5) 
Total number: 11 (Exclusions: 0). 
After 2 and 4 weeks areas of faint radiodense material can be seen within the 
defect. Two times subperiosteal bone formation at the defect ends is present. 
After 8 weeks in 3 of 7 cases, radiodense material within the defect can be 
seen, which has a cloudy appearance (see Fig. 9). In the remaining 4 cases, 
only faint radiodense areas or no radiodense material at all can be seen. Af-
ter 8 weeks resorption around the pins is seen 5 times, while subperiosteal 
bone formation at the osteotomy ends is seen twice (see Table 11). 
TABLE 11: RADIOGRAPHICAL RESULTS IN GROUP 5* 
Nr. Weeks p.o. Stage Subp. Consol. Hypertr. Resorp. 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
2 
2 
4 
4 
8 
8 
8 
8 
8 
8 
8 
1 
1 
1 
1 
0 
2 
1 
2 
1 
0 
2 
* = for explanation see 3.2 
p.o.= post operative 
+ = present 
- = absent. 
3.2.6 Radioqraphical results after 8 weeks 
As the ultimate postoperative period has been set on 8 weeks, an evaluation of 
the radiographical results of the different types of operation after 8 weeks 
is made. 
In Group 1 (=Untreated defect) in all 5 goats, no radiodense material can be 
detected within the defect. 
In Group 2 (=Revascularized rib periosteum transplantation) in 6 of 7 cases, 
areas of faint radiodense material can be seen within the defect. In the re-
maining seventh defect no radiodense material is present. 
In Group 3 (=Non-vascularized rib periosteum transplantation) areas of radio-
dense material are never detectable within the defect, in the 7 goats inves-
tigated. 
In Group4(= Revascularized tibial periosteum re-implantation) the defect has 
been filled up in all 10 cases with abundant radiodense material. In 5 cases 
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a hypertrophic non-union is seen. Consolidation is present in the other 5 spe­
cimens with reorganization of the newly formed bone. 
In Group 5 (= Non-vascularized tibial periosteum re-implantation) the defect 
is filled in 3 of 7 cases with a cloudy radiodense material. In the remaining 
4 cases, only faint radiodense material or no radiodense material at all is 
seen. 
3.3 Histology 
For the description of the histological observations, mainly Pritchard's 
terminology is used (Pritchard, 1972). He discerns three elementary bone 
types, depending on the arrangement of collagen fibres: 
- Woven bone, an irregular lattice of loosely packed bundles of coarse colla­
gen fibres. 
- Bundle bone, which consists of regularly arranged bundles of collagen fibres. 
It can be found at the sites of attachment of tendons or ligaments. 
- Fine fibered bone, in which fine fibres run in a parallel way. It is laid 
down during more leisurely consolidation and during remodeling, on an 
existing frame of bone or cartilage. 
Using the distribution of hard and soft tissue as a criterion, instead of the 
arrangement of the collagen fibres, one can discern: 
- Fine cancellous bone. It consists of trabeculae of woven or bundle bone, 
with intertrabecular spaces that contain sinusoidal vessels and perivascular 
osteogenic cells. This type can be seen in early fracture callus. 
- Coarse cancellous bone, which is in fact a remodeled state of fine can­
cellous bone, with an organized network of trabeculae. 
- Compact bone. It consists almost completely of fine fibered bone in which 
Haversian canals form the centre of an osteon. 
27 Goats are included in this part (4 goats have been excluded). The histolo­
gical results of each group will now be discussed in detail. The descriptions 
gi^en are a combination of the observations of both longitudinal and trans­
verse sections. 
3.3.1 Untreated defect (Group 1) 
Total number: 4 (Exclusions: - ) . 
Nr. 101 
Nr. 102 
Nr. 103 
Nr. 104 
After θ weeks: the defect is filled up with fibrous granulation 
tissue. 
After 8 weeks: the defect is filled up with fibrous granulation 
tissue. 
After 8 weeks: fibrous granulation tissue with remnants of a haema-
toma can be seen, within the defect. 
After 8 weeks: the defect is filled up with fibrous granulation 
tissue, which contains many remnants of a haematoma. 
In conclusion, after 8 weeks all defects have been filled with fibrous granu­
lation tissue, in which remnants of a haematoma can sometimes be seen. 
3.3.2 Revascularized rib periosteum transplantation (Group 2) 
Total number: 4 (Exclusions: 201,202, 203). 
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Nr. 204: After 4 weeks: the defect is filled up with fibrous granulation 
tissue, in which small foci of woven course cancellous bone are 
present. 
Nr. 205: After 8 weeks: within the defect fibrous granulation tissue is seen 
containing at its periphery a lot of suture material. There is os-
teoclastic activity at both osteotomy ends. 
Nr. 206: After 8 weeks: the defect area is filled with fibrous tissue, in 
which suture material is present. There is osteoclastic activity 
at both osteotomy ends. 
Nr. 207: After 8 weeks: within the defect a large area of fibrous granulation 
tissue is seen, in which one small focus of woven fine cancellous 
bone is seen. 
In conclusion, after 4 weeks the defect is filled up with fibrous granulation 
tissue, in which small foci of woven coarse cancellous bone are present. 
After 8 weeks fibrous granulation tissue is seen with only once a small focus 
of woven fine cancellous bone. 
3.3.3 Non-vascularized rib periosteum transplantation (Group 3) 
Total number: 7 (Exclusions: - ) . 
Nr. 301: After 2 weeks: there is a haematoma within the defect, which is 
invaded by young granulation tissue. Small areas of woven fine 
cancellous bone are present. 
Nr. 302: After 2 weeks: young granulation tissue is invading a haematoma, 
within the defect. Two small areas of woven fine cancellous bone 
are seen. 
Nr. 303: After 4 weeks: granulation tissue is filling up the defect. Some 
suture material is present. 
Nr. 304: After 4 weeks: young granulation tissue is seen within the defect. 
Nr. 305: After 8 weeks: granulation tissue is filling up the defect. Some 
suture material can be seen. 
Nr. 306: After 8 weeks: fibrous granulation tissue is seen, within the defect. 
Nr. 307: After 8 weeks: fibrous granulation tissue is present. 
In conclusion, after 2 weeks granulation tissue is invading a haematoma within 
the defect. Sfriall areas of woven fine cancellous bone are present. After 4 
and 8 weeks the defect is completely filled with fibrous tissue. 
3.3.4 Revascularized tibial periosteum re-implantation (Group 4) 
Total number: 6 (Exclusion: 406) 
Nr. 401: After 2 weeks: a haematoma is present in the centre of the defect, 
which is surrounded by several foci of woven coarse cancellous 
bone (see Fig. 14), which are close to the surrounding periosteum 
(see Pig. 15). In these foci, many mitoses are present in the neigh-
bourhood of spindle shaped and fibroblast-like cells (see Fig. 16). 
These cells are surrounding areas that contain both many osteoblasts 
and newly formed bone. 
Nr. 402: After 2 weeks: in the defect a central haematoma is invaded by 
granulation tissue, which in turn is surrounded by foci of pre-
dominantly woven coarse cancellous bone. Many mitoses can be seen 
around these foci especially towards the periphery, where many 
fibroblast-like cells are present. 
Nr. 403: After 4 weeks: the defect is filled with woven coarse cancellous 
bone, in which foci of cartilage can be seen. Present suture mate-
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rial is also surrounded by this woven coarse cancellous bone. 
Nr. 404: After 4 weeks: the defect is filled with 2 big areas of woven coarse 
cancelloJS and fine fibered compact bone, in which small areas of 
cartilage, and suture material are present. Between the 2 areas 
of new bone a small band of fibrous tissue is seen (see Fig. 17). 
Nr. 405: After 8 weeks: woven coarse cancellous, partly fine fj-bered compact 
bone is filling the defect. Small areas of cartilage are replaced 
by woven course cancellous bone. There is a high osteoclastic and 
osteoblastic activity with numerous mitoses. Suture material is em-
bedaed in newly formed bone. 
Nr. 407: After θ weeks: the defect is completely fillea with woven coarse 
cancellous ard fine fibered compact bone. Small foci of cartilage 
are present. There _s active remodeling at the periphery. A marrow 
cavxty is develooed by massive central Done resorption. 
In conclusion, after 2 weeks a haematorra m the centre of the defect is inva­
ded by granulation tissue, which is surrounded by several foci of woven coarse 
cancellous bore, at the periphery. Many mitoses are seen in the neighbourhood 
of spindle shaped and f¿broblast-like cells. These cells are surrounding areas 
containing both osteoblasts and newly formed bone. After 4 weeks the defect 
is completely filled with woven coarse cancellous bone, containing suture 
material and some foci of cartilage. After 8 weeks woven coarse cancellous 
bone and f^ne fibered compact bene is filling the defect. There is a very 
active remodeling of the new bone, ¿mali areas of cartilage are present, in 
both specimens. 
3.3.5 Non-vascularized tibial periosteum re-implantation (Group 5) 
Total number: 6 (Exclusions: - ) . 
Nr. 501: After 2 weeks: within the defect fibrous granulation tissue is seen, 
in which remnants of a hacmatoma are present. Several small foci of 
woven fine cancellous bore are seen. 
Nr. 502: After 2 weeks: within the defect a central haematoma is seen, which 
is invaded by fibrous granulation tissue at the periphery. One small 
focus of woven fine cancellous bono is present. 
Nr. 503: After 4 weeks: within fibrous granulation tissue a large focus of 
woven coarse cancellous bone is present. Some areas of cartilage are 
seen. 
Nr. 504: After 4 weeks: surrounded by fibrous tissue, two large areas of 
woven coarse cancellous bone are present, which have cartilage and 
bundle bone in their peripheries. 
Nr. 505: After 8 weeks: fibrous tj-ssue is filling UD the defect. 
Nr. 506: After 8 weeks: within the defect much woven coarse cancellous bone 
is seen, in which many large areas of cartilage are present. 
In conclusion, after 2 weeks fibrous granulation tissue is invading a haema-
toma, which is in the defect. Small foci of woven fine cancellous bone are 
present. After 4 weeks the defect is filled with fibrous tissue with foci of 
woven coarse cancellous bone. Also some bundle bone and cartilage are seen. 
After 8 weeks, the defect is filled with fibrous tissue in one specimen. In 
The other specimen within the defect much woven coarse cancellous bone con-
taining large areas of cartilage is present. 
3.3.6 Histoloq-i-cal results after 8 weeks 
As the ultimate postoperative period has been set on 8 weeks, the histological 
results of the different types of ooeration after 8 weeks are evaluated. 
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Fig. 14 : Histology. Longitudinal section, 
2 weeks after a revasaularized tibial peri­
osteum re-implantation (Group 4). h - central 
haematoma. ρ - periosteal graft, η = newly 
formed bone, t - pre-existent tibial cortex. 
m - surrounding muscle. ( Azan, S.Sx ) . 
Fig. 15 : Magnification of outlined area 
in Fig. 14. h = central haematoma. ρ = peri­
osteal graft, η = newly formed bone, m = sur­
rounding muscle. ( Azan, 85x ) . 
В I A I 
Fig. 16 : Histology. Longitudinal seation, 
2 weeks after a revasaularized tibial peri­
osteum re-implantation (Group 4). Magnifica­
tion of a focus of new bone formation. A - zone 
of fibroblast-like cells. В = zone of cell di­
vision. С = zone of osteoblasts. D = zone of 
new bone. ( Hematoxylin-eosin, 1250x ) . 
Fig. 17 : Histology. Cross section, 4 weeks 
after a revascularized tibial periosteum re­
implantation (Group 4). Two big areas of newly 
formed hone can be seen, η - newly formed bone. 
ρ = periosteal graft. ( Elastin-van Gieson, 
3.5x ) . 
In Group 1 (Untreated defect), in the 4 goats investigated, the defect is fil-
led up .with fibrous tissue, which sometimes contains remnants of a haematoma. 
In Group 2 (Revascularized rib periosteum transplantation) fibrous tissue 
containing only once a small focus of woven fine cancellous bone has filled 
up the defect in the 3 goats investigated. 
In Group 3 (Non-vascularized rib periosteum transplantation) the defect is 
filled with fibrous tissue in all 3 goats. 
In Group 4 (Revascularized tibial periosteum re-implantation) in both 2 goats 
there is complete filling of the former defect with woven coarse cancellous 
and fine fibered compact bone. There is active remodeling of the new bone. 
Small areas of cartilage are seen in one specimen. 
In Group 5 (Non-vascularized tibial periosteum re-implantation) the defect is 
filled with fibrous tissue in one specimen, in the other goat much woven 
coarse cancellous bone and cartilage is seen within the defect. 
3.3.7 Fluorescence microscopy 
Except for Group 1, of each other group, 3 goats which were meant for histo-
logical examination after 2, 4, or 8 weeks, were also used for fluorescence 
microscopy, after they had been labeled with fluorochromes (see 2.3.5). 
Of 12 selected goats, 2 have been excluded. 
The observations made during fluorescence microscopy are consistent with the 
histological findings. As Procion dyes have affinity for newly formed collagen 
fibres (Goland e.a, 1965), all defects that have been filled up with fibrous 
tissue are coloured red. 
After both Revascularized and Non-vascularized rib periosteum transplantations 
(Group 2: 1 goat and Group 3: 3 goats) the defect is filled with fibrous tis-
sue with only very rarely small areas of newly formed bone. 
Revascularized tibial periosteum re-implantation (Group 4: 3 goats) results 
in new bone formation in the form of trabeculae after 2 weeks. This new bone 
formation occurs in foci, that are interconnected with subperiosteal new bone 
formation at the defect ends after 4 weeks. After 8 weeks there is an intimate 
contact between new bone within the defect and this subperiosteal new bone. 
On many places compact bone is present. Near the periosteal graft active re-
modeling is seen. 
After a Non-vascularized tibial periosteum re-implantation (Group 5: 3 goats) 
some trabeculae of new bone are visible after 2 weeks, which are more exten-
sive after 4 weeks. In the specimen after 8 weeks new bone is lacking and 
only fibrous tissue is seen. 
3. á Bone mineral content 
22 Experimental tibias are included in this part ( 4 goats have been excluded). 
Also 4 control tibias, taken from goats that had not been operated on, were 
investigated. The results of the bone mineral measurements of the control 
tibias are given in Table 12. The results of the bone mineral measurements of 
the experimental tibias are given in Table 13. 
As the amount of bone mineral content is expressed in g/cm, a comparison be-
tween 2 measurements is only possible, if the measurements have been made in 
the same individual, at exactly the same spot (Sorenson and Cameron, 1967). 
Thus,aomparitive conclusions can not be made in this study. 
It can be learned from Table 12 that the corresponding diameter measured in 
the proximal metaphysis, is larger than the corresponding diameter measured 
in the diaphysis. 
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TABLE 12: BONE MINERAL CONTENT IN CONTROL TIBIAS* 
N r . 
1 
2 
3 
4 
Proximal 
B.M.C. 
77.00 
78.13 
77.38 
75.89 
92.01 
89.08 
91.49 
91.49 
metaphysis 
Diam. 
1.40 
1.44 
1.28 
1.32 
1.52 
1.48 
1.76 
1.76 
Diaphysis** 
B.M.C. Diam. 
73.06 
73.47 
73.57 
71.90 
87.94 
87.91 
90.24 
90.23 
1.36 
1.36 
1.24 
1.20 
1.40 
1.40 
1.64 
1.64 
D i s t a l 
B.M.C. 
67.00 
66.54 
62.03 
62.67 
74.76 
76.20 
83.26 
82.50 
metaphysis 
Diam. 
1.36 
1.36 
1.20 
1.16 
1.32 
1.28 
1.64 
1.64 
* = in each area 2 measurements were made at different spots 
*· = the diaphyseal area corresponds to the defect area in the 
experimental tibias 
B.M.C.= bone mineral content, expressed in g/cm (min.=3.00 g/cm ) 
Diam. = corresponriinq diameter, expressed in ση. 
TABLE 13: BONE MINERAL CONTENT IN EXPERIMENTAL TIBIAS* 
N r . 
105 
208 
209 
212 
213 
308 
309 
3 1 1 
Proximal 
B.M.C. 
73.42 
73.67 
78.20 
78.30 
84.28 
83.46 
91.34 
93.75 
72.24 
71.88 
86.61 
86.54 
52.01 
52.01 
76.74 
77.81 
metaphysis 
Diam. 
1.84 
1.84 
1.88 
1.88 
1.72 
1.88 
1.84 
1.92 
1.64 
1.64 
2.04 
2.04 
1.60 
1.60 
1.60 
1.60 
Defect 
B.M.C. 
1.00 
1.19 
10.97 
11.06 
6.03 
1.00 
3.00 
1.00 
3.00 
1.00 
3.00 
1.00 
2.00 
2.00 
0.98 
0.74 
a r e a 
Diam. 
0.00 
0.16 
0.76 
0.72 
0.52 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
D i s t a l 
B.M.C. 
72.99 
71.39 
84.01 
83.24 
69.24 
71.30 
78.79 
78.54 
69.45 
70.51 
72.65 
71.37 
63.35 
62.91 
74.00 
75.68 
metaphysis 
Diam. 
1.24 
1.24 
1.56 
1.56 
1.44 
1.44 
1.56 
1.56 
1.40 
1.40 
1.60 
1.56 
1.48 
1.48 
1.36 
1.44 
TABLE 13 ( continued ) 
N r . 
312 
408 
409 
410 
4 1 1 
412 
413 
414 
416 
507 
508 
509 
510 
5 1 1 
Proximal 
B.M.C. 
75.61 
75.75 
79.26 
80 .11 
50 .01 
50.37 
68.26 
68.70 
108.95 
108.13 
81.45 
80.65 
85.57 
87 .01 
65.01 
65.32 
57.91 
57.85 
90.60 
89.97 
47.08 
34.60 
70.00 
68.98 
83.14 
79.77 
61.09 
61.36 
metaphysis 
Diam. 
1.88 
1.84 
1.92 
1.92 
1.56 
1.60 
1.64 
1.60 
2.00 
2.00 
1.60 
1.84 
1.63 
1.68 
1.88 
1.84 
1.76 
1.76 
1.84 
1.80 
2.20 
2.04 
1.60 
1.60 
1.84 
1.76 
1.64 
1.68 
Defect 
B.M.C. 
3.00 
3.00 
137.36 
135.83 
53.97 
54.86 
40.23 
40.15 
146.80 
148.70 
60.86 
58.63 
102.15 
103.66 
108.07 
109.65 
41.52 
41.93 
1.24 
0.74 
69.52 
70.97 
1.51 
1.02 
3.00 
3.00 
38.03 
38.43 
area 
Diam. 
0.00 
0.00 
2.20 
2.16 
1.36 
1.32 
1.16 
1.16 
2.56 
2.56 
1.36 
1.40 
2.04 
2.04 
1.88 
1.88 
1.20 
1.20 
0.20 
0.12 
1.72 
1.72 
0.20 
0.16 
0.00 
0.00 
1.44 
1.44 
Dis ta l 
B.M.C. 
75.75 
74.85 
84 .01 
83.82 
63.88 
61.18 
73.77 
74.33 
114.55 
114.14 
72.78 
73.12 
75.53 
75.13 
64 .51 
64.39 
63.70 
64.67 
86.42 
87.03 
78.91 
76.73 
62.86 
66.52 
78.82 
78.18 
62.40 
66.52 
metaphysis 
Diam. 
1.64 
1.68 
1.44 
1.40 
1.12 
1.12 
1.28 
1.32 
1.72 
1.76 
1.56 
1.56 
1.52 
1.48 
1.36 
1.36 
1.20 
1.20 
1.60 
1.64 
1.72 
1.56 
1.52 
1.56 
1.80 
1.76 
1.40 
1.48 
• = in each area 2 measurements were made at different spots 
B.M.C.= bone mineral content, expressed in g/cm (min.=3.00 g/cm) 
Diam. = corresponding diameter, expressed in cm 
Excluded : 210 
211 
310 
415. 
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Table 13 shows that in Group 1 (Untreated defect) bone mineral can not be 
detected within the defect of the one specimen investigated. In Group 2 (Re-
vascularized rib periosteum transplantation) a small amount of bone mineral 
within the defect is seen in 2 of 4 tibias. The corresponding diameter is 
small. In Group 3 (Non-vascularized rib periosteum transplantation) bone 
mineral within the defect is absent in all 4 tibias investigated. In Group 4 
(Revascularized tibial periosteum re-implantation) bone mineral within the 
defect area is present in all 8 tibias. In 4 cases the amount of bone mineral 
measured is large. In these 4 cases the corresponding diameter is larger 
than the diameter of the proximal metaphysis, whereas in control tibias the 
diaphysary diameter is smaller (see Table 12). In Group 5 (Non-vascularized 
tibial periosteum re-implantation) bone mineral within the defect is present 
in 2 of 5 tibias. 
3.5 Load at fracture 
Only tibias with radiographical consolidation of the defects after 8 weeks 
are included in this part. As is apparent from the radiographical results 
after 8 weeks (see 3.2.6), only 5 specimens of Group 4 have fulfilled this 
requirement. As one of these 5 specimens was used for histology, the remaining 
4 experimental specimens were loaded to fracture (see Fig. 18). 
Control tibias consisted of 4 tibias of goats, that had not been operated on. 
The results of the load at fracture tests of control tibias are given in 
Table 14. In Table 15 the results of the load at fracture test for the ex-
perimental tibias are listed. 
TABLE 14: LOAD AT FRACTURE 
OF CONTROL TIBIAS 
TABLE 15: LOAD AT FRACTURE 
OF EXPERIMENTAL TIBIAS 
Nr. Load at fracture* 
excluded 
8486 
6671 
3335 
expressed in Newtons 
Nr. Load at fracture· 
408 
413 
414 
416 
4611 
1766 (1) 
2649 
294 (2) 
• = expressed in Newtons 
(1)= fracture line through a fistula 
(2)= fracture line through cartilage 
As one of the control tibias broke in its cuff during testing, this tibia 
was excluded. All fracture lines were perpendicular to the axis of the bones. 
In the experimental tibias the fracture lines all occurred in the newly formed 
bone (see Fig. 19). In the control tibias the fracture line always occurred 
in one of both metaphyses. 
Attempts to calculate the relation between the load at fracture and the sur-
face area of the fractures, i.e. the fracture strength, were cancelled, be-
cause the formation of a new marrow cavity in the experimental tibias made 
proper estimation of the fracture area impossible (see Fig. 20 and 21). 
Because both groups have their fractures in different areas of the tibia, a 
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Fig. 18 : Photograph of a tibia 
after consolidation of the former 
middiaphysary defeat. Both articu-
lar surfaces and all overlying 
soft tissues have been removed. 
Fig. 19 : Photograph of a tibia 
that has been loaded to fracture. 
The fracture has occurred in the 
newly formed bone, and is perpen-
dicular to the axis of the tibia. 
( 2.5x ) 
Fig. 20 : Photograph of the 
siœfaae of a fracture area. The 
former defeat is aompletely fil-
led up with new bone ( 3.5x ) . 
Fig. 21 : Photograph of the 
surface of a fracture area. A 
developing marrow cavity can 
clearly be seen in the centre. 
( 3.5x ) . 
quantitative comparison ЬеЪлееп both groups can not be made. However, it is 
striking that the fracture lines in the control tibias are situated in one 
of both metaphyses, whereas in the experimental tibias all fractures occurred 
in the diaphyseal area. Apparently, fracturing the diaphysis of the non-opera­
ted tibias, requires more load, i.e. the diaphysis is structually stronger 
than the metaphysis, in control tibias. 
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CHAPTER 4 : DISCUSSION AND CONCLUSIONS 
Having gathered all experimental data, one should now discuss the questions, 
posed in section 1.7: 
4.1 Is a non-vascularized autologous graft of inactive periosteum able to 
bridge a tubular bone defect, that can not be bridged by the defect ends, by 
formation of new bone? 
In this experiment in adult African pygmy goats a non-vascularized graft of 
inactive tibial periosteum is able to fill a diaphysary tibial defect of 
approximately 2 cm in length with new bone, in 3 of 7 cases after 8 weeks. 
Complete consolidation of the defect however, is not achieved. The periosteal 
grafts have been taken without any preceding stimulation. 
When no periosteum transplantation is done, the defect is filled up with fi-
brous granulation tissue. 
4.2 Is there a difference between two non-vascularized autologous grafts of 
inactive periosteum, one taken from the tibia, the other taken from a flat 
bone, in their capacity to bridge a tubular bone defect as mentioned in 4.1? 
Although radiographically scattered fields of faint radiodense material are 
seen 2 weeks after a non-vascularized rib periosteum transplantation, bone 
formation after 4 and 8 weeks is completely absent. The radiodense material, 
which is seen after 2 weeks consists of woven fine cancellous bone which 
apparently is only temporarily laid down. Most probably this initial bone 
formation has a metaplastic origin and is activated merely by the trauma. 
Scattered fields of woven fine cancellous bone are also present 2 weeks 
after a non-vascularized tibial periosteum re-implantation. However, 2 weeks 
later areas of woven coarse cancellous bone and cartilage can be seen, and 
8 weeks after the operation large interconnected fields of radiodense mate-
rial are visible in 3 of 7 cases. 
This indicates that in adult African pygmy goats, tibial periosteum shows 
more osteogenic capacities than rib periosteum, after transplantation to a 
tibial defect. These observations are consistent with the assumption that 
tibial periosteum has more osteogenic capacities than the periosteum of flat 
bones. 
4.3 Does revascularization reinforce the bone forming capacities of an auto-
logous graft of inactive periosteum? 
In this study, non-vascularized tibial periosteum has formed radiographically 
cloudy calcifications within the defect in 3 of 7 cases after 8 weeks. Histo-
logically the new bone formed after 8 weeks consists of woven coarse can-
cellous bone, containing large areas of cartilage. Bone mineral within the 
defect is measured in 2 of 5 investigated tibias. 
Revascularization of a graft of tibial periosteum results in bone formation 
within the defect after 8 weeks in all 10 cases. Radiographically the defect 
is filled with abundant radiodense material. 5 Times a hypertrophic non-union 
is present. In the other 5 cases radiographical consolidation is present, and 
re-organization of the newly formed bone is apparent by reduction of its wide 
diameter and the development of a marrow cavity. Histologically the new bone 
consists of woven coarse cancellous and fine fibered compact bone with small 
areas of cartilage, which are being replaced by woven coarse cancellous bone. 
Bone mineral within the defect is measured in all 8 investigated tibias. In 4 
of these cases the amount of bone mineral measured is large, as is the cor-
responding diameter. 
Apparently, revascularization of tibial periosteum creates circumstances, 
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under which bone formation can start imnediately. In this respect, it should 
be stressed that already after 2 weeks, radiographically the outlines of 
the periosteal cuff are clearly marked by radiodense material (see 3.2.4), and 
that the mitotic activity in this area is high (see 3.3.4). It is possible 
that in that initial period, there exists a periosteal hypercirculation, 
which, as can be learned from 1.3, is associated with subperiosteal new bone 
formation. Although these observations are in support of the osteoblastic 
theory (see 1.5), a contribution to osteogenesis of a metablastic origin is 
also likely, considering that the foci of new bone formation, that are seen 
after 2 weeks, are surrounded by a layer of spindle shaped and fibroblast like 
cells with a high mitotic activity (see 3.3.4). 
The relation between vascularization and osteogenesis (see 1.1) is also de-
monstrated by the fact that none of the revascularized tibial grafts fail 
to produce new bone. It should be noted that in comparison to the other 
groups, in Group 4 (= Revascularized tibial periosteum re-implantation) all 
conditions, known to be favourable for a good result, seem to be satisfied: 
survival of the graft is safeguarded by microsurgical revascularization (see 
1.1), tibial periosteum has more osteogenic capacities than rib periosteum 
(see 4.2), and the acceptor site is subjected to the influence of mechanical 
stress (see 1.6.2). 
Revascularization of rib periosteum does not result in abundant new bone 
formation within the tibial defect. After 8 weeks, in 6 of 7 defects scattered 
faint radiodense material can be seen radiographically, and in the histolo-
gical sections only once can a small focus of woven fine cancellous bone 
be traced. Bone mineral measurements show small amounts of bone mineral with-
in 2 of 4 investigated defects. 
Although thus, there is an improvement of the results of a rib periosteum 
transplantation after revascularization, bone formation by the revascularized 
graft after 8 weeks is still not abundant. A possible explanation for this 
failure to produce abundant new bone, is the fact that in adult African 
pygmy goats rib periosteum has few osteogenic capacities. This is demonstra-
ted by the observation that non-vascularized rib periosteum does not produce 
bone, in contrast with non-vascularized tibial periosteum (see 4.2). 
4.4 Is there a difference in osteogenic capacity between revascularized auto-
logous grafts of inactive periosteum, taken from different donor sites ? 
In this study there is a marked difference in the results after 8 weeks, ob-
tained after revascularizing grafts of tibial periosteum and of rib perios-
teum. Revascularized grafts of tibial periosteum fill up the tibial defect 
with woven coarse cancellous and fine fibered compact bone in all 10 cases, 
whereas all 7 revascularized grafts of rib periosteum fail to bridge such a 
defect: instead most defects are filled with fibrous tissue containing only 
very small foci of woven fine cancellous bone (see 3.3.6). These observations 
indicate that in adult African pygmy goats a revascularized graft of tibial 
periosteum has more osteogenic capacities than a revascularized graft of rib 
periosteum. 
4.5 What are the characteristics of the new bone that might be produced with-
in the tubular bone defect ? 
Several investigations have been done to supply data on the characteristics 
of the newly formed bone: radiography, histology including fluorescence micro-
scopy, measurement of bone mineral content, and if possible, a tensile test. 
In this study, the revascularized tibial periosteum re-implantation (Group 4 ) , 
has given the best results. In this group the defects are all filled up with 
radiographically abundant radiodense material. A hypertrophic non-union is 
seen in 5 cases. As osteolysis around the pins is also seen in these cases, 
most probably the hypertrophic non-union has been induced by a relative in-
stability of the defect. In the remaining 5 cases there is complete consoli-
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dation, with signs of remodeling of the new bone: the outlines of the new bone 
are more in line with the outlines of the defect ends and the development of 
a marrow cavity is evident (see Fig. 11). Histological examinations show the 
picture of a very active remodeling of the new bone formed, and the presence 
of much fine fibered compact bone. 
Apparently the new bone formed is being adjusted to its future function by 
remodeling into a tubular structure, after consolidation has been established. 
The new bone formed contains a fair amount of bone mineral and it may be ex-
pected that the biomechanical properties of the new bone will be better, when 
the process of remodeling into a tubular structure has been completed. 
Conclusion of this experimental study with adult African pygmy goats: 
A non-vascularized autologous graft of inactive tibial periosteum, without 
any preceding stimulation, is able to fill a diaphysary tibial defect with new 
bone. 
A non-vascularized autologous graft of inactive tibial periosteum has more os-
teogenic capacities than a non-vascularized autologous graft of inactive rib 
periosteum in bridging a diaphysary tibial defect. 
Revascularization of an autologous graft of inactive periosteum reinforces the 
osteogenic capacities of this graft. 
A revascularized autologous graft of inactive tibial periosteum has more os-
teogenic capacities than a revascularized autologous graft of inactive rib 
periosteum in bridging a diaphysary tibial defect. 
The new bone produced, 8 weeks after a revascularized autologous tibial peri-
osteum re-implantation, is in a state of active remodeling, when consolidation 
of the diaphysary tibial defect has been established. 
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CHAPTER 5 : SUMMARY 
In chapter 1 the motives for this experimental study were explained. It was 
suggested that periosteum, as an autologous revascularized graft, might be 
able to fill up a tubular bone defect with new bone. The several aspects, 
that are involved in the transplantation and revascularization of an autolo-
gous periosteal graft, were mentioned. Anatomically periosteum consists of 
two layers: an outer fibrous and an inner cellular layer. There is an exten-
sive vascular lattice in periosteum, which is in interconnection with cortex 
and muscle. The anterior tibial artery appears to be the main blood supplying 
branch to the periosteum of the tibia. The periosteal blood supply of the rib 
is known to be derived from the intercostal artery. The normal function of 
periosteum of tubular bones is the regulation of growth in length and width. 
Most aspects of osteogenesis or new bone formation can fit into one of two 
theories: the metaplasia theory and the osteoblastic theory. The former gives 
a good explanation for new bone formation by induction, the latter finds its 
base in the periosteal callus formation, and is used as an explanation for the 
osteogenic capacity of both active and inactive periosteum. It can be learned 
from former experiments with periosteum transplantations that: periosteal 
grafts taken from different donor sites show different osteogenic capaci-
ties. That [periosteal grafts can respond to environmental needs and form the 
type and shape of bone that is locally required. That stress could be a sti-
mulus to bone formation by periosteal grafts. That harvesting inactive peri-
osteum for transplantation is harmless to the vitality of the donor cortex. 
The questions to be answered by this experimental study were mentioned: 
1. Is a non-vascularized autologous graft of inactive periosteum able to 
bridge a tubular bone defect, that can not be bridged by the defect ends, 
by the formation of new bone? 
2. Is there a difference between two non-vascularized autologous grafts of in-
active periosteum, one taken from the tibia, the other taken from a flat 
bone in their capacity to bridge a tubular bone defect as mentioned above? 
3. Does revascularization reinforce the bone forming capacities of an auto-
logous graft of inactive periosteum ? 
4. Is there a difference in osteogenic capacity between revascularized auto-
logous grafts of inactive periosteum taken from different donor sites ? 
5. What are the characteristics of the new bone, that might be produced 
within the tubular bone defect ? 
To elucidate these questions, the following types of operation for the treat-
ment of an experimental tibial defect were designed: 
Untreated defect = no transplantation 
Revascularized rib periosteum transplantation 
Non-vascularized rib periosteum transplantation 
Revascularized tibial periosteum re-implantation 
Non-vascularized tibial periosteum re-implantation. 
Chapter 2 was dealing with materials and methods. It was explained why the 
African pygmy goat was chosen as an experimental animal. 57 Adult female goats 
have been used. After a description of the basic draft of the experiment and 
the pre-operative measurements, the 5 different operative procedures were 
described in detail. The postoperative measurements were mentioned and the 
postoperative investigations were described: radiography of all operated 
tibias, angiography, direct inspection and histology of all anastomoses, his-
tology of 31 tibias, 12 of which had been labeled with f1uorochromes, measure-
ment of the bone mineral content in the other 26 tibias, and if possible, a 
tensile test. 
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In chapter 3 the results of the postoperative investigations were given: 
8 goats were excluded because of death, or occlusion of the vessels. 
Radiographically only tibial periosteum was able to fill the defect with new 
bone after 8 weeks. When no transplantation was done, or when rib periosteum 
was grafted,(whether revascularized or non-vascularized), the defect was not 
filled with new bone. When the graft of tibial periosteum had been revascu-
larized, the defect was filled in all 10 cases with an abundant radiodense 
material. Although a hypertrophic non-union was seen 3 times, consolidation 
and reorganization of the new bone was present in the other 5 cases. When the 
graft of tibial periosteum had not been revascularized, the defect was filled 
in 3 of 7 cases with a cloudy, radiodense material. In the remaining 4 cases 
bone formation was absent. 
Histology revealed that the new bone formed 8 weeks after a non-vascularized 
tibial periosteum re-implantation, consisted of woven coarse cancellous bone 
with a lot of cartilage. Instead, when the tibial periosteum had been revas-
cularized, woven coarse cancellous and fine fibered compact bone with active 
remodeling was seen after 8 weeks. When rib periosteum had been grafted, 
(whether revascularized or non-vascularized), or when no transplantation had 
been done, the defect was mainly filled up with fibrous tissue. The results 
of fluorescence microscopy were completely consistent with the histological 
results. 
Bone mineral measurements after 8 weeks showed that after a revascularized 
tibial periosteum re-implantation, bone mineral was present in all 8 cases. 
When non-vascularized tibial periosteum had been re-implanted, bone mineral 
was present in 2, and absent in 3 cases. After a revascularized rib periosteum 
transplantation some bone mineral within the defect was measured in 2 of 4 
cases. When non-vascularized rib periosteum had been grafted or when no trans-
plantation had been done, bone mineral was not present. 
Only 4 experimental tibias were loaded to fracture, 8 weeks after a 
revascularized tibial periosteum re-implantation. The fracture lines all 
occurred in the newly formed bone. 
In chapter 4 the results were discussed in relation to the questions posed 
in section 1.7. It was concluded that in this experimental study in adult 
African pygmy goats, a non-vascularized autologous graft of tibial periosteum, 
without any preceding stimulation was able to fill up a diaphysary tibial 
defect with new bone. As a non-vascularized autologous graft of rib periosteum 
failed to fill up the defect with bone, it was concluded that a non-vascu-
larized autologous graft of tibial periosteum had more osteogenic capacities 
than a non-vascularized autologous graft of rib periosteum. Revascularization 
was not obligatory for bone formation by an autologous graft of tibial peri-
osteum, but when revascularization was done, there was a marked reinforcement 
of the osteogenic capacities. Reinforcement was less distinct, after revascu-
larization of an autologous graft of inactive rib periosteum. A revascularized 
autologous graft of tibial periosteum had more osteogenic capacities than a 
revascularized autologous graft of rib periosteum, in bridging a diaphysary 
tibial defect. It was concluded that 8 weeks after a revascularized autolo-
gous tibial periosteum re-implantation, the new bone formed was in a state 
of active remodeling, when consolidation of the bone defect had been esta-
blished. 
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CHAPTER 6 : SAMENVATTING 
In hoofdstuk 1 werden de motieven voor deze experimentele studie verklaard. 
De suggestie werd gedaan, dat periost, als een autoloog gerevasculariseerd 
transplantaat, in staat is om een tübulair botdefect op te vullen met nieuw 
bot. De verschillende aspecten, die een rol spelen bij de transplantatie en 
revascularisatie van autoloog periost, werden genoemd. Anatomisch bestaat 
periost uit twee lager: een buitenste fibreuze laag, en een binnenste cellu-
laire laag. Er bestaat een uitgebreid vasculair netwerk in periost, met ver-
bindingen naar cortex en spier. De arteria tibialis anterior blijkt de belang-
rijkste voedende tak van het tibia-periost te zijn. De bloedvoorziening van 
het rib-periost is afkomstig van de arteria intercostalis. De normale functie 
van periost van pijpbeenderen is de regulatie van de groei in lengte en in 
breedte. De meeste aspecten van Osteogenese of nieuwe botvorminq passen in 
een van de volgende twee theoriën: de metaplasie theorie en de osteoblastische 
theorie. De eerste geeft een goede verklaring voor nieuwe botvorminq door in-
ductie, de tweede theorie is gebaseerd op de periostale callusvorming en wordt 
gebruikt om het osteogene vermogen van actief en inaktief periost te verklaren. 
Uit vroegere experimenten met periost transplantaties is gebleken, dat periost 
transplantaten die van verschillende donor-gebieden afkomstig zijn, een ver-
schillend osteogeen vermogen vertonen; dat periost transplantaten zich kunnen 
aanpassen aan hun nieuwe omgeving door het soort bot te vormen, dat qua type 
en vorm beantwoordt aan de lokale behoefte; dat mechanische belasting een 
prikkel tot botvorming door periost transplantaten zou kunnen zijn; dat het 
wegnemen van inaktief periost voor transplantatie-doeleinden onschadelijk is 
voor de vitaliteit van de cortex in het donorgebied. 
De vraagstellingen, die door deze experimentele studie moesten worden beant-
woord, werden genoemd: 
1. Is een niet-gevasculariseerd autoloog inaktief periost transplantaat in 
staat om een tübulair botdefect, dat vanuit de eigen botuiteinden niet wordt 
overbrugd, met niouw gevormd bot te overbruggen? 
2. Bestaat er een verschil tussen twee niet-gevasculariseerde autologe inak-
tief periost transplantaten, het ene afkomstig van de tibia, het tweede af-
komstig van een plat been, in hun vermogen om een tübulair botdefect zoals 
boven genoemd te overbruggen? 
3. Versterkt revascularisatie het osteogene vermogen van een autoloog inaktief 
periost transplantaat ? 
4. Bestaat er een verschil in osteogeen vermogen tussen gerevasculariseerde 
autologe inaktief periost transplantaten, die afkomstig zijn van verschillende 
donorplaatsen ? 
5. Wat zijn de kenmerken van het nieuwe bot, dat eventueel gevormd wordt 
in het tubulaire botdefect ? 
Om opheldering over deze vraagstukken te verkrijgen werden de volgende typen 
operaties ter behandeling van een tibia-defect ontworpen: 
Onbehandeld defect = geen transplantatie 
Gerevasculariseerde rib-periost transplantatie 
Niet-gevasculariseerde rib-periost transplantatie 
Gerevasculariseerde tibia-periost re-implantatie 
Niet-gevasculariseerde tibia-periost re-implantatie. 
Hoofdstuk 2 behandelde het materiaal en de methoden. Er werd verklaard, waarom 
de Afrikaanse dwerggeit als proefdier werd gekozen. 57 Volwassen vrouwelijke 
geiten werden gebruikt. Na een beschrijving van de basale opbouw van het ex-
periment en de pre-operatieve maatregelen, werden de 5 verschillende opera-
tieve procedures in detail beschreven. De postoperatieve maatregelen werden 
genoemd, en de postoperatieve onderzoekingen werden beschreven: Rontgen-fotos 
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van alle geopereerde tibiae; angiografie, directe inspectie en histologie van 
alle anastomoser; histologisch onderzoek van 31 tibiae, waarvan er 12 met 
fluorochromen waren behandeld; bepaling van het bot mineraal gehalte in de 
overige 26 tibiae, en indien mogelijk een onderzoek naar de kracht die nodig 
is om het bot te breken. 
In hoofdstuk 3 werden de resultaten van de postoperatieve onderzoekingen ge-
geven. 8 Geiten werden uitgesloten wegens sterfte, of afsluiting van de vaten. 
Röntgenologisch bezien, was alleen tibia-periost in staat om het defect na 
8 weken te vullen . Wanneer er geen transplantatie was verricht, of wanneer 
er rib-periost was getransplanteerd (qerevasculariseerd dan wel niet gevas-
culariseerd), was het defect niet met nieuw bot gevuld. Wanneer het tibia-
periost transplantaat qerevasculariseerd was, werd het defect in alle 10 ge-
vallen overbrugd met overvloedig stralendicht materiaal. Hoewel een hypertro-
fische "non-union" 5 maal werd gezien, werd in de overige 5 gevallen consoli-
datie en re-organisatie van het nieuwe bot gezien. Wanneer het tibia-periost 
transplantaat niet qerevasculariseerd was, werd in 3 van de 7 gevallen in het 
defect een wolkig, stralendicht materiaal qezien. In de overige 4 gevallen was 
er geen botvorming zichtbaar. 
Het histologisch onderzoek liet zien dat het bot, dat 8 weken na een niet-
gevasculariseerde tibia-periost re-implantatie was gevormd , uit geweven 
grof-spongieus bot bestond met veel kraakbeen. Wanneer daarentegen het tibia-
periost gerevasculariseerd was, werd na 8 weken geweven grof-spongieus en 
fijnvezelig compact bot met actieve bot-ombouw gezien. Wanneer rib-periost 
was qetransplanteerd (qerevasculariseerd dan wel niet-gevasculariseerd), of 
wanneer er geen transplantatie was verricht, werd het defect voornamelijk door 
fibreus weefsel opgevuld. De resultaten van de fluorescentie-microscopie waren 
volledig in overeensterming met de histologische bevindingen. 
Bot mineraal metingen na 8 weken lieten zien dat er na een gerevasculari-
seerde tibia-periost re-implantatie bot mineraal aanwezig was in alle 8 ge-
vallen. Wanneer niet-gevasculariseerd tibia-periost was gere-implanteerd, was 
bot mineraal aanwezig in 2, en afwezig in 3 gevallen. Na een gerevasculari-
seerde rib-periost transplantatie werd in 2 van de 4 gevallen enig bot mine-
raal gemeten. Wanneer niet-gevasculariseerd rib-periost was getransplanteerd, 
of wanneer geen transplantatie was verricht, was er geen bot mineraal aanwezig. 
Slechts 4 experimentele tibiae werden getest op de kracht, die nodig is om het 
bot te breken, 8 weken na een gerevasculariseerde tibia-periost re-implantatie. 
De breuklijnen traden allen op in het nieuw gevormde bot. 
In hoofdstuk 4 werden de resultaten besproken in relatie met de vraagstel-
lingen in onderdeel 1.7. De conclusie was, dat in deze experimentele studie 
in volwassen Afrikaanse dwerggeiten, een niet-gevasculariseerd autoloog tibia-
periost transplantaat, zonder voorafgaande stimulatie, in staat was om een 
diafysair tibia-defect met nieuw bot te vullen. Aangezien een niet-gevas-
culariseerd autoloog rib-periost transplantaat het defect niet met bot kon 
vullen, werd geconcludeerd dat een niet-gevasculariseerd autoloog tibia-
periost transplantaat meer osteogeen vermogen bezat, dan een niet-gevascula-
riseerd autoloog rib-periost transplantaat. Revascularisatie was niet vereist 
voor botvorming door een autoloog tibia-periost transplantaat, maar als re-
vascularisatie werd verricht, bestond er een opvallende versterking van het 
osteogene vermogen^ Deze versterking was veel geringer na revascularisatie van 
een autolooq rib-periost transplantaat. Een gerevasculariseerd autoloog tibia-
periost transplantaat bezat meer osteogeen vermogen dan een gerevasculariseerd 
autoloog rib-periost transplantaat bij de overbrugging van een diafysair tibia-
defect. Geconcludeerd werd, dat 8 weken na een gerevasculariseerde autologe 
tibia-periost re-implantatie, het nieuw gevormde tot in een fase van actie-
ve bot-ombouw verkeerde, als consolidatie van het diafysaire tibia-defect tot 
stand was gekomen. 
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STELLINGEN: 
1. Het tibía-periost van volwassen Afrikaanse dwerggeiten 
vertoont als autoloog transplantaat een groter osteo-
geen vermogen dan het rib-periost. 
2. Het osteogene vermogen van een autoloog periost-trans-
plantaat wordt bij volwassen Afrikaanse dwerggeiten 
versterkt door microohirurgische revasoularisatie. 
3. De z.g. "Sleeve-anastomose" is een betrouubare techniek 
bij miaroahirurgisohe revasoularisatie
л
 mits de vaat-
uiteinden dunwandig zijn en de anastomose spanningsloos 
kan worden aangebracht. 
4. Het nut van omentum als gerevasaulariseerd of gesteeld 
transplantaat wordt onderschat. 
5. Het nemen van spongieuse bot-transplantaten uit de 
crista iliaca anterior bij een patient met een ernstige 
comminutieve en/of gecompliceerde fraktuur, moet met 
het oog op eventuele reconstructieve microchirurgie 
worden ontraden. 
6. De beslissende factor bij de overweging, om een trans­
plantatie met microchirurgische revasoularisatie uit 
te voeren, is de motivatie van de patient. 
7. Er zijn onvoldoende overeenkomsten tussen cambium en 
periost, om het gebruik van de term: "de cambiumlaag 
van het periost" te rechtvaardigen. 
8. Een belangrijke voorwaarde voor een goede kwaliteits­
bewaking door gezondheidszorg-instellingen, is een 
goed budgetair beleid. 
9. De meest geslaagde bot-transplantatie werd door God 
verricht, onder gebruikmaking van een rib. 
10. Het moge de voorstanders van kernwapens tot troost 
zijn, dat "Hollanditis" altijd minder besmettelijk 
zal zijn dan radio-aktiviteit. 
2 December 1982 
THESES: 
1. Tibial periosteum of adult African pygmy goats exhibits 
more osteogenic capacities as an autologous graft than 
rib periosteum. 
2. In adult African pygmy goats the osteogenic capacities 
of an autologous periosteal graft are reinforced by 
microsurgical revaaculoLrization. 
3. The so-called "Sleeve-anastomosis" is a reliable tech-
nique in microsurgical revascularization, provided 
that the vessel extremities have a thin wall and that 
the anastomosis can be made without tension. 
4. The usefulness of omentum as a revascularized or pedi-
cled graft is undervalued. 
5. Harvesting spongious bone grafts from the anterior 
iliac crest in a patient with a severe corminuted 
and/or compound fracture, must be discouraged in view 
of possible reconstructive microsurgery. 
6. The decisive factor in considering a transplantation 
with microsurgical revascularization, is the motivation 
of the patient. 
7. There are few similarities between cambium and peri-
osteum to justify the use of the term: "cambial layer 
of periosteum". 
8. Proper budgetary management is an important prerequisite 
for a proper quality-custody by healthcare-institutions. 
9. The most successful bone transplantation was performed 
by God, utilizing a rib. 
10. It may be a consolation to advocates of nuslear weapons 
that "Hollanditis" will always be less contagious than 
radioactivity. 
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